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TITLE OF THE INVENTION 
INTEGRIN RECEPTOR ANTAGONISTS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

The present invention is related to U.S. provisional 
appUcations Serial No. 60/069,910, filed December 17, 1997; 60/083,251, 
ffled April 27. 1998; 60/092,588, filed July 13, 1998; 60/079,197, filed March 
24 1998- 60/079,944, filed March 30, 1998; 60/080,397, filed April 2, 1998; 
60/092,624, filed July 13, 1998; and 60/099,948, filed September 11, 1998; 
the contents of each of which are hereby incorporated by reference. 

FIELD OF THE INVENTION 

The present invention relates to compounds and derivatives 
thereof, their synthesis, and their use as integrin receptor antagonists. 
More particularly, the compounds of the present invention are 
antagonists of the integrin receptors avP3, av^S, and/or avP6 and are 
useful for inhibiting bone resorption, treating and preventing 
osteoporosis, and inhibiting vascular restenosis, diabetic retinopathy, 
macular degeneration, angiogenesis. atherosclerosis, inflammation, 
wound healing, viral disease, tumor growth, and metastasis. 

BACKGROUND OF THE INVENTION 

It is believed that a wide variety of disease states and 
conditions can be mediated by acting on integrin receptors and that 
integrin receptor antagonists represent a usefiil class of drugs. Integrm 
receptors are heterodimeric taransmembrane proteins through which 
cells attach and communicate with ertaraceUular matrices and otiier 
ceUs (See S.B. Rodan and G.A. Rodan, "Integrin Function In 
Osteoclasts", Joumxd of Endocrinology, Vol. 154, S47. S56 (1997), which is 
incorporated by reference herein in its entirety). 

In one aspect of the present invention, the compounds 
herein are useful for inhibiting bone resorption. Bone resorption is 
mediated by the action of cells known as osteoclasts. Osteoclasts are 
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large m»ltinudeated cells of up to about 400 mm in diameter ^^^t resorb 
^eraJized tissue, chiefly calcium caxbcnaU and calcium phosphate 
rCerUbrates. OsUodasts are actively motUe cells <hat migraU along 
the surface of bone, and can bind to bone, secrete necessary aods and 
Joteases. thereby causing the actual resorption of minerahzed .assue 
lom the bone. More spedficaJly. osteoclasts are believed to e^st m 
least two physiological states, namely, the secretory state and ^e 
.^gratory or motile state. In fte secretory state, osteoclasts a,, fla . 
atuch to the bone matrix via a tight attachment zone (seahng zone). 
lit. highly polarized, form a ruffled border, and secrete lysosomal 
e:^s id protons to resorb bone. The adhesion of osteoc^^ts to bone 
surfaces is an important initial step in bone resorption. In the 
ndgratory or motUe state, the osteoclasts migrate across bone matnx 
anddo not take part in resorption until they again attach to bone 

Integrins are involved in osteoclast attachment, act.vat.on 
and migration. The most abundant integrin in osteoclasts, e g., in rat. 
itkTn mouse and human osteoclasts, is an integrin recep^r known 
^Z^. which is thought to interact in bone with matn. protems that 
1^ the BGD se^rience. Antibodies to avp3 block bone r«sorpt.on 
mtro indicating that this integrin pUys a key role in the resorptive 
'ZTT^ is increasing evidence to suggest that «vP3 bgands can 
Csed effectively to inhibit osteoclast mediated bone resorption v.o m 

mamnials, , 

The current m^or bone diseases of pubhc concern are 

osteoporosis, hypercalcemia of maHgnancy, osteopenia due to bo^ 
metastases, periodontal isease, hyperparathyroidism. V^'f^ 
erosions in rheumatoid arthritis. Pagefs disease, immobihzabon- 
induced osteopenia, and glucocorticoid-induced osteoporos«. AU of 
these conditions are characterized by bone loss, resultmg from an 
mese conmuu breakdown, and bone formation, 

imbalance between hone resorption, i.e. breaKOown. an 
^ch continues throughout life at the rate of about 14* per year on flie 
rXe. However, the rate of bone turnover diflers from site to .te; for 
example, it is higher in the trabecular bone of tiie vertebrae snd^e 
alveoL bone in the iaws than in the cortices of the ^"r^ ^^^ 
potential for bone loss is directly related to turnover and can amount to 
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over 5% per year in vertebrae immediately foUowing menopause, a 
condition which leads to increased fracture risk. 

In the United States, there are currently about 20 miUion 
people with detectable fractures of the vertebrae due to osteoporosis. In 
5 addition, there are about 250,000 hip fractures per year attributed to 
osteoporosis. This clinical situation is associated with a 12% mortality 
rate within the first two years, while 30% of the patients require nursing 
home care after the fracture. 

Individuals suffering from all the conditions listed above 
10 would benefit from tireatment with agents which inhibit bone resorption. 

Additionally, avp3 Hgands have been found to be useful m 
treating and/or inhibiting restenosis, i.e. recurrence of stenosis after 
corrective surgery on the heart valve, atherosclerosis, diabetic 
retinopathy, macular degeneration, and angiogenesis, i.e. formation of 
15 new blood vessels. Moreover, it has been postulated that the growth of 
tumors depends on an adequate blood supply, which in turn is 
dependent on the growth of new vessels into the tiimor; thus, inhibition 
of angiogenesis can cause tumor regression in animal models (See 
TT ^^.nr,-s Prir ^ pl^^ of Tntemal Medicine, 12th ed., 1991, which is 
20 incorporated by reference herein in its entirety). Therefore, avps 

antagonists which inhibit angiogenesis can be useful in the tireatment of 
cancer by inhibiting tiimor growtii (See e.g.. Brooks et al.. Cell, 75:1157- 
1164 (1994), which is incorporated by reference herein in its entirety). 

Moreover, compounds of this invention can also inhibit 
25 neovascularization by acting as antagonists of tiie integrin receptor 

avpS. A monoclonal antibody for ocv^S has been shown to inhibit VEGF- 
induced angiogenesis in rabbit cornea and the chick chorioaUantoic 
membrane model (See M.C. Friedlander, et aL, Science 270, 1500-1502, 
(1995), which is incorporated by reference herein in its entirety). Thus, 
30 compounds that antagonize ovpS are usefid for tireating and preventing 
■ macular degeneration, diabetic retinopathy, tiimor growth, and 
■metastasis. 

Additionally, compounds of the instant invention can 
inhibit angiogenesis and inflammation by acting as antagonists of the 
35 integrin receptor, ccvps, which is expressed during the later stages of 
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wound healing and remains expressed until the woxind is closed (See 
Christofidou-Solonddou, et al., "Expression and Function of Endothelial 
Cell av Integrin Receptors in Wound-Induced Human Angiogenesis in 
Human Skin/SeiD Mice Chimeras, American Jmimal of Pathology. 

5 Vol. 151, No. 4, pp. 975-983 (October 1997), which is incorporated by 

reference herein in its entirety). It is postulated that ocvps plays a role in 
the remodeling of the vasculature dtiring the later stages of 
angiogenesis. Also, avp6 participates in the modulation of epithelial 
inflammation and is induced in response to local injury or 

10 inflammation (See Xiao-Zhu Huang, et al., "Inactivation of the Integrin 
p6 Subunit Gene Reveals a Role of EpitheUal Integrins in Regulating 
Inflammation in the Lungs and Skin," Journal of Cell Biologv. Vol. 133, 
No.4, pp. 921-928 (May 1996), which is incorporated by reference herein 
in its entirety). Accordingly, compounds that antagonize avp6 are 

15 useful in treating or preventing cancer by inhibiting tumor growth and 
metastasis. 

In addition, certain compounds of this invention antagonize 
both the ccvpS and avp5 receptors. These compounds, referred to as 
"dual avp3/otv|35 antagonists," are useful for inhibiting bone resorption, 
20 treating and preventing osteoporosis, and inhibiting vascular restenosis, 
diabetic retinopathy, macular degeneration, angiogenesis, 
atherosclerosis, inflammation, tumor growth, and metastasis. 

In addition, certain compounds of this invention are useful 
as mixed ocvp3, av^S, and avp6 receptor antagonists. 
25 It is therefore an object of the present invention to provide 

compounds which are useful as integrin receptor antagonists. 

It is another object of the present invention to provide 
compounds which are useful as avp3 receptor antagonists. 

It is another object of the present invention to provide 
30 compounds which are useful as avp5 receptor antagonists. 

It is another object of the present invention to provide 
compounds which are useful as avP6 receptor antagonists. 

It is another object of the present invention to provide 
compoimds which are useful as dual avP3/avp5 receptor antagonists. 
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It is another object of the present invention to provide 
compounds which are usefol as mixed avp3, ovPS, and avP6 receptor 
antagonists. 

It is another object of the present invention to provide 
5 pharmaceutical compositions comprising integrin receptor antagonists. 

It is another object of the present invention to provide 
methods for making the pharmaceutical compositions of the present 
invention. 

It is another object of the present invention to provide 
10 methods for eHdting an integrin receptor antagonizing effect in a 
mammal in need thereof by administering the compounds and 
pharmaceutical compositions of the present invention. 

It is another object of the present invention to provide 
compounds and pharmaceutical compositions useful for inhibiting bone 
15 resorption, restenosis, atherosclerosis, inflammation, viral disease, 
diabetic retinopathy, macular degeneration, angiogenesis, tumor 

growth, and metastasis. 

it is another object of the present invention to provide 
compounds and pharmaceutical compositions useful for treating 
20 osteoporosis. 

It is another object of the present invention to provide 
methods for inhibiting bone resorption, restenosis, atherosclerosis, 
inflammation, viral disease, diabetic retinopathy, macular 
degeneration, angiogenesis, tumor growth, and metastasis. 
25 It is another object of the present invention to provide 

methods for treating osteoporosis. 

These and other objects will become readily apparent from 

the detailed description which follows. 

30 SUMMARY OF THE INVENTION 

The present iavention relates to compounds having a 
structural formula selected from the group consisting of 
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wherein the dotted line a represents a single or a double bond, provided 
that when a represents a double bond, the double bond carbon atoms are 
substituted only with and R ; 
X is selected from the group consisting of 

N'"^ NR2 
-£-NRiR^ _NRl-C-NR^R^ _ 

a 5- or 6-membered monocycUc aromatic or nonaromatic ring 
system having 0, 1, 2, 3 or 4 heteroatoms selected from the group 
consisting of N, O, and S wherein the ring nitrogen atoms are 
unsubstituted or substituted with one Rl substituent and the ring 
carbon atoms are unsubstituted or substituted with one or two Rl 
X5 substituents, and 

a 9- to 14-membered polycycUc ring system, wherein one or more 
of the rings is aromatic, and wherein the polycydic ring system 
has 0, 1, 2, 3 or 4 heteroatoms selected from the group consisting of 
20 N, 0,'a^d S wherein the ring nitrogen atoms are unsubstituted or 
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substituted with one substituent and the ring ceirbon atoms are 
unsubstituted or substituted with one or two substituents; 

Y is selected &om the group consisting of 

5 

-(CH2)m-, 

-(CH2)m-0-(CH2)n-, 

-(CH2)m-NR4-(CH2)n-, 

-(CH2)m-S-(CH2)n-, 
10 -(CH2)m-SO-(CH2)n-, 

-(CH2)m-S02-(CH2)n-, 

-(CH2)m-0-(CH2)n-0-(CH2)p-, 

-(CH2)m-0-(CH2)n-NR4.(CH2>p -, 

-(CH2)m-NR4.(CH2)n-NR4-(CH2)p 
15 -(CH2)m-0-(CH2)n-S-(CH2)p -, 

-(CH2)m-S-(CH2)n-S-(CH2)p -, 

-(CH2)m-NR4.(CH2)n-S-(CH2)p -, 

-(CH2)m-NR4-(CH2)n-0-(CH2)p -, 

-(CH2)m-S-(CH2)n-0-(CH2)p -, 
20 -(CH2)m-S-(CH2)n-NR4-(CH2)p -, and 

-(CH2)m-Z-(CH2)n-, 

wherein Z is a 3- to 10-membered monocyclic or polycydic aromatic or 
nonaromatic ring system having 0, 1, 2, 3, or 4 heteroatoms selected 
25 from the group consisting of N> O, and S wherein the ring nitrogen 

atoms are unsubstituted or substituted with one R^ substituent and the 
ring carbon atoms are unsubstituted or substituted with one or two R^ 
substituents, and wherein any methylene (CH2) carbon atom in Y, other 

than in R4, can be substituted by one or two R^ substituents; and 

30 

wherein R^ and R2 are each independently selected from the group 

consisting of 

hydrogen, halogen, Ci-io alkyl, C3-8 cydoalkyl, 
C3.8 cycloheteroalkyl, C3.8 cydoalkyl Ci-6 alkyl, 



-8- 



wo 99/31099 



PCTAJS98/26568 



C3.8 cydoheteroalkyl Ci-6 alkyl, aryl, aryl Ci-8 alkyl, amino, 
amino Ci-8 alkyl, C1.3 acylamino, Ci-3 acylamino Ci-S alkyl, 
(Ci-6 alkyl)pamino, (Ci-6 alkyDpamino Cl-8 alkyl, 
- Ci-4 alkoxy, Ci-4 alkoxy Cl-6 alkyl, hydroxycarbonyl, 

5 hydroxycarbonyl Ci-6 alkyl, Ci-S alkoxycarbonyl, 

Ci-3 alkoxycarbonyl Ci-S alkyl, hydroxycarbonyl- 
Ci-e alkyloxy, hydroxy, hydroxy Ci-6 alkyl, Cl-6 alkyloxy- 
Ci-6 alkyl, nitro, cyano, trifluoromethyl, trifluoromethoxy, 
trifluoroethoxy, Ci-8 alkyl-S(0)p, (Ci.8 alkyDpaminocarbonyl, 

10 Ci-8 alkyloxycarbonylamino, (Ci-8 alkyl)paminocarbonyloxy, 

(aryl Ci-8 alkyDpamino, (aryDpamino, aryl Ci-8 
alkylsxjlfonylamino, and Ci-8 alkylsiilfonylamino; 
or two Rl-substituents, when on the same carbon atom, are taken 
together with the carbon atom to which they are attached to 

15 form a carbonyl group; 

each R3 is independently selected from the group consisting of 
hydrogen, 
aryl, 

20 Ci-10 alkyl, 

aryl-(CH2)r-0-(CH2)s-, 

aryl-(CH2)rS(0)p-(CH2)s-, 

aryl-(CH2)r-C(0)-(CH2)s-, 

aryl-(CH2)r-C(0)-N(R4)-(CH2)s-, 
25 aryl-(CH2)r-N(R4)-C(0)-(CH2)s-, 

aryl-(CH2)r-N(R4)-(CH2)s-, 

halogen, 

hydroxyl, 

0x0, 

30 trifluoromethyl, 

Cl-8 alkylcarbonylamino, 
aryl Ci-5 alkoxy, 
Ci-5 alkoxycarbonyl, 
(Cl-8 alkyDpaminocarbonyl, 
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Ci-6 alkylcarbonyloxy, 
C3-8 cycloalkyl, 
(Ci-s alkyDpamino, 
amino Ci-6 alkyl, 

5 arylaminocarbonyl, 

aryl C1-5 alkylaminocarbonyl, 

aminocarbonyl, 
aminocarbonyl Ci-6 alkyl, 

hydroxycarbonyl, 
10 hydroxycarbonyl Ci-6 alkyl, 

HC=C-(CH2)f, 
Ci-e alkyl.C=C-(CH2)t-, 
C3.7 cyclaalkyl-C<;-(CH2)t-, 
aryl.C^C-(CH2)t-, 
15 C1.6 alkylaryl-C=C-(CH2)t-, 

CH2=CH-(CH2)t-, 
Ci-6 alkyl-CH=CH-(CH2)t-, 
C3.7 cycloalkyl-CH=CH-(CH2)t-, 
aiyl-CH=CH-(CH2)t-, 
Ci-6 alkylaiyl-CH=CH.(CH2)t-, 
Ci-6 alkyl-S02-(CH2)t-, 
Ci-6 alkylaryl-S02-(CH2)t- , 
Ci-6 alkoxy, 
aryl Ci-G alkoxy, 
arylCl-6 alkyl, 

(Ci-6 alkyDpamino Ci-e alkyl, 
(aryl)pamino, 
(aryl)pamino C1.6 alkyl, 
(aryl Cl-6 alkyDpamino, 
(aryl Ci-6 alkyDpamino Ci-6 alkyl, 
arylcarbonyloxy, 
aryl Ci-6 alkylcarbonyloxy, 
(Ci-S alkyDpsiminocarbonyloxy, 
Ci-8 alkylsoolfonylamino. 
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arylsulfonyl amino , 
Cl-8 alkylsulfonylamino Cl-6 alkyl, 
arylsulfonylamino Cl-S alkyl, 
aryl Cl-6 alkylsulfonylamino, 
aryl Ci-6 alkylsulfonylamino Ci-e alkyl, 
Cl-8 alkoxycarbonylamino, 
Cl-8 alkoxycarbonylamino Cl-S alkyl, 
aryloxycarbonylamino Cl-8 alkyl, 
aryl Cl-S alkoxycarbonylamino, 
aryl Ci-8 alkoxycarbonylamino Cl.8 alkyl, 
Cl-8 alkylcarbonylamino, 
Cl-8 alkylcarbonylamino Cl-G alkyl, 
arylcarbonylamino Cl-B alkyl, 
aryl Cl-6 alkylcarbonylamino, 
15 aryl Ci-6 alkylcarbonylamino Cl-S alkyl, 

aminocarbonylamino Ci-6 alkyl, 
(Cl-8 alkyDpaminocarbonylamino, 
(Cl-S alkyDpaminocarbonylamino Cl-6 alkyl, 
(aryl)paminocarbonylamino Cl-e alkyl, 
20 (aryl Cl.8 alkyDpaminocarbonylamino, 

(aryl Cl-8 alkyDpaminocarbonylamino Cl-6 alkyl, 
aminosnlfonylamino Cl-6 alkyl, 
(Cl.8 alkyDpaminosulfonylamino, 
(Cl-8 alkyl)parQinosulfonylamino Cl-6 alkyl, 
25 (aryl)paminosulfonylamino Cl-6 alkyl, 

(aryl Cl-8 alkyDpaminosulfonylamino, 
(aryl Cl-8 alkyDpaminosulfonylamino Ci.6 alkyl, 
Cl-6 alkylsulfonyl, 
Cl-6 alkylsulfonyl Cl-6 alkyl, 
30 arylsulfonyl Cl.6 alkyl, 

aryl Cl.6 alkylsulfonyl, 
aryl Cl-6 alkylsulfonyl Cl.6 alkyl, 
Cl.6 alkylcarbonyl, 
Cl-6 alkylcarbonyl Cl-6 alkyl, 
35 arylcarbonyl Cl-6 alkyl, 
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aryl Ci-e alkylcarbonyl Ci-6 alkyl, 
Cl-6 alkylthiocarbonylamino, 
Cl-S alkylthiocarbonylamino Cl-6 alkyl, 
5 arylthiocarbonylainino Ci-g alkyl, 

aryl Ci-6 alkylthiocarbonylamino, 
aryl Ci-6 aUqrlthiocarbonylamino Ci-6 alkyl, 
(Ci-8 alkyl)paminocarbonyl Ci-e alkyl, 
(aryl)paminocarbonyl Ci-6 alkyl, 
10 (aryl Ci-g alkyl)paminocarbonyl, and 

(aryl Ci-S alkyl)panunocarbonyl Ci-e alkyl; 
or two R3 substituents, when on the same carbon atom, are taken 
together with the carbon atom to which they are attached to 
form a carbonyl group or a cyclopropyl group, 
15 wherein any of the alkyl groups of are either unsubstituted or 
substituted with one to three substituents, 
and provided that each R^ is selected such that in the resultant 
compound the carbon atom or atoms to which R^ is attached is itself 
attached to no more than one heteroatom; 

20 

each R^ is independently selected from the group consisting of 
hydrogen, 
aryl, 

aminocarbonyl, 
25 C3.8 cycloalkyl, 

amino Ci-6 alkyl, 

(aryl)paminocarbonyl, 

(aryl C1.5 alkyDpaminocarbonyl, 

hydroxycarbonyl Ci-S alkyl, 
30 Ci-8 alkyl, 

aryl Ci-S alkyl, 

(Ci-e alkyDpamino C2-6 alkyl, 

(aryl Ci-6 alkyDpamino C2-6 alkyl, 

Ci-S alkylsulfonyl, 
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Ci-8 alkoxycarbonyl, 
aryloxycarbonyl, 
aryl Cl-8 alkoxycarbonyl, 
'Ci-8 alkylcarbonyl, 

5 arylcarbonyl, 

aryl Ci-6 alkylcarbonyl, 
(Cl-8 alkyDpaminocarbonyl, 

amino sulfonyl , 
Cl-8 alkylaminosnlfonyl, 
10 (aryl)paminosulfonyl, 

(aryl Cl-8 alkyDpaminosulfonyl, 
arylsxilfonyl, 
arylCl-6 alkylsulfonyl, 
Ci-6 alkylthiocarbonyl, 

15 arylthiocarbonyl, and 

aryl Ci-G alkylthiocarbonyl, 
wherein any of the alkyl groups of R4 are either xinsubstituted or 
substituted with one to three R1 substituents; 



20 R5 and R6 are each independently selected from the group consisting of 
hydrogen, 
Ci-lO alkyl, 
aryl, 

aryKCH2)r-0-(CH2)s-, 
25 aryl-(CH2)rS(0)p-(CH2)s-, 

aryHCH2)r-C(OHCH2)s-, 

aryHCH2)r-C(0)-N(R4)-(CH2)s-> 

aryl-(CH2)r-N(R4).C(0)-(CH2)s-, 

aryKCH2)r-N(R4)-(CH2)s-, 
30 . halogen, 

hydroxyl, 

Cl-8 alkylcarbonylamino, 
aryl Ci-5 alkoxy, 
Cl-S alkoxycarbonyl, 
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(Ci-8 alkyl)p£uiiinoc£irbonyl, 
Ci-6 alkylcarbonyloxy, 
C3-8 cycloalkyl, 
(Ci-6 alkyDpamino, 
5 amino Ci-6 alkyl, 

axylaminocarbonyl, 

aryl C1.5 alkylaminocarbonyl, 

aminocarbonyl, 
aminocarbonyl Ci-6 alkyl, 

10 hydroxycarbonyl, 

hydroxycarbonyl Ci-g alkyl, 

HC=C-(CH2)t-, 
Ci-6alkyl-feC-(CH2)t-, 
C3-7 cycloalkyl-CsC-(CH2)t-, 

15 aryl-C=C-(CH2)t-, 

C1.6 alkylaiyl-feC-(CH2)t-, 

CH2=CH.(CH2)t-, 

Ci-e alkyl-CH=CH-(CH2)t-, 

C3.7 cycloalkyl-CH=CH.(CH2)t-, 

20 aryl-CH=CH-(CH2)f, 

C1.6 alkylaryl-CH=CH-(CH2)tr, 
Ci.6alkyl-S02-(CH2)t-, 
Ci-6 alkylaryl-S02-(CH2)t-, 
Ci-e alkoxy, 

25 aryl Ci-6 alkoxy, 

aryl Ci-G alkyl, 

(Cl-6 alkyDpamino Ci-6 alkyl, 
(aryDpamino, 
(aryDpamino Ci-6 alkyl, 
30 (aryl Ci-6 alkyDpamino, 

(aryl Ci-6 alkyDpamino Ci-e alkyl, 

arylcarbonyloxy, 

aryl Ci-6 alkylcarbonyloxy, 

(Ci-S alkyDpaminocarbonyloxy, 
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Ci-8 alkyisiilfonylainino, 

arylsulf onylamino , 

Ci-8 alkylsulfonylamino Cl-6 alkyl, 

arylsulfonylamino Gi-6 aU^rl, 

aryl Ci-6 alkylsulfonylamino, 

2iryl Cl-6 alkylsulfonylamino Ci-6 alkyl, 

Ci-8 alkoxycarbonylamino, 

Ci-8 alkosycarbonylamino Ci-8 alkyl, 

aryloxycarbonylamino Ci-8 alkyl, 

aryl Ci-8 alkoxycarbonylamino, 

aryl Ci-8 alkoxycarbonylamino Ci-8 alkyl, 

Ci.8 alkylcarbonylamino, 

01-8 alkylcarbonylamino Cl-6 alkyl, 

arylcarbonylamino Ci-e alkyl, 

aryl Cl-e alkylcarbonylamino, 

aryl Ci-6 alkylcarbonylamino Ci-6 alkyl, 

aminocarbonylamino Cl-6 alkyl, 

(Ci-8 alkyDpaminocarbonylaminOj 

(Ci.8 alkyDpaminocarbonylamino Ci.6 alkyl, 

(aryl)paminocarbonylamino Cl-6 alkyl, 

(aryl Ci-8 alkyDpaminocarbonylamino, 

(aryl Cl-8 alkyDpaminocarbonylamino Cl-6 alkyl, 

aminosulfonylamino Cl-6 alkyl, 

(Ci-8 alkyDpaminosulfonylamino, 

(Ci-8 alkyDpaminosulfonylamino Cl-6 alkyl, 

(aryDpaminosulfonylamino Ci.6 alkyl, 

(aryl Cl-8 alkyDpaminosulfonylamino, 

(aryl Ci.8 alkyDpaminosulfonylamino Cl-6 alkyl, 

Cl-6 alkylsulfonyl, 

Cl-6 alkylsulfonyl Ci.6 alkyl, 

arylsulfonyl Cl-6 alkyl, 

aryl Cl-6 alkylsulfonyl, 

aryl Cl-6 alkylsulfonyl Ci.6 alkyl, 

Cl-6 alkylcarbonyl. 
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Ci-S alkylcarbonyl Ci-g alkyl, 

aiylcarbonyl Ci^e alkyl, 

aryl Cl-6 alkylcarbonyl, 

aryl Ci-6 alkylcarbonyl Ci-6 alkyl, 
5 Ci-6 alkylthiocarbonylamino, 

Cl-6 alkylthiocarbonylamino Ci-e alkyl, 

arylthiocarbonylamino Ci-6 alkyl, 

aryl Cl-6 alkylthiocarbonylamino, 

aryl Cl-6 alkylthiocarbonylamino Ci-6 alkyl, 
10 (Cl-8 alkyDpaminocarbonyl Ci.6 alkyl, 

(aryl)paminocarbonyl Ci-6 alkyl, 

(aryl Ci-g alkyl)paminocarbonyl, and 

(aryl Ci-g- alkyDpaminocarbonyl Ci-6 alkyl; 
or R5 and R6 are taken together with the carbon atom to which they are 
15 attached to form a carbonyl group, 

wherein any of the alkyl groups of or R^ are either unsubstituted or 
substituted with one to three R^ substituents, 

and provided that each R^ and R^ are selected such that in the resultant 
compound the carbon atom to which r5 and R^ are attached is itself 
20 attached to no more than one heteroatom; 

R'7 and R8 are each independently selected from the group consisting of 

hydrogen, 

Ci-io alkyl, 
25 aryl, 

aryl.(CH2)r-0-(CH2)s-, 

aiyl.(CH2)rS(0)p.(CH2)s-, 

aryKCH2)r-C(0)-(CH2)s-, 

aryl-(CH2)r-C{0).N(R4).(CH2)s-, 
30 aryl-(CH2)r-N(R4)-C(0)-(CH2)s-, 

aryl-(CH2)r-N(R4)-(CH2)s-, 

halogen, 

hydroxyl, 

Ci-8 alkylcarbonylamino, 
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aiyl Cl-5 alkoxy, 
Ci-5 alkoxycarbonyl, 
(Cl-8 alkyl)paminocarbonyl, 
"Ci.e alkylcarbonyloxy, 
5 C3-8 cycloalkyl, 

(Ci-6 alkyDparoino, 

amino Ci-e alkyl. 

arylsuninocarbonyl, 

aryl Cl-5 alkylaminocarbonyl, 

10 aminocarbonyl, 

aminocarbonyl Ci-6 alkyl, 

hydroxycarbonyl, 
hydroxycarbonyl Ci-S alkyl, 

HCsC-(CH2)t-, 
15 Ci-6 allEyl-C5=C-(CH2)t-, 

C3-7 cydoalkyl-CsC-(CH2)t-, 
aryl-CsC-(CH2)t-, 
Ci-e alkylaryl-C=C-(CH2)t-, 
CH2=CH-(CH2)t-, 
20 Ci-e alkyl-CH=CH-(CH2)t-, 

C3-7 cycloalkyl-CH=CH-(CH2)t-, 
aryl-CH=CH-(CH2)t-, 
Ci-e alkylaryl-CH=CH-(CH2)t-, 
Ci-e alkyi-S02-(CH2)lr, 
25 Ci-6 alkylaryl-S02-(CH2)t-, 

Ci-6 alkoxy, 
aryl Ci-6 alkoxy, 
aryl Cl-S alkyl, 
(Cl-6 alkyDpamino Ci-e alkyl, 
30 (aryDpamino, 

(aryDpamino Ci-6 alkyl, 

(aryl Ci-6 alkyDpamino, 

(aryl Ci-6 alkyDpamino C 1-6 alkyl, 

arylcarbonyloxy, 
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aryl Cl-6 alkylcarbonyloxy, 

(Ci-6 alkyl)paminocarbonyloxy, 

Cl-8 alkylsulfonylarnino, 

arylcarbonylamino, 

arylsxilfonylamino, 

Ci-8 alkylsulfonylamino Ci-6 alkyl, 

arylsulfonylamino Cl-6 alkyl, 

aryl Ci-6 alkylsulfonylamino, 

aryl Ci-g alkylsxxLfonylamino Ci-6 alkyl, 

Ci-8 alkoxycarbonylamino, 

Ci-8 alkoxycarbonylamino Ci-8 alkyl, 

aryloxycarbonylamino Ci-8 alkyl, 

aryl Ci-8 'alkoxycarbonylamino, 

axyl Cl-8 alkoxycarbonylamino Ci-8 alkyl, 

Ci-8 alkylcarbonylamino Ci-6 alkyl, 

arylcarbonylamino Ci-6 alkyl, 

aryl Ci-6 alkylcarbonylamino, 

aryl Ci-6 alkylcarbonylamino C 1-6 alkyl, 

aminocarbonylamino Ci-6 alkyl, 

(Cl-8 alkyDp aminocarbonylamino, 

(Cl-8 alkyl)p aminocarbonylamino Ci-6 alkyl, 

(aryl)paminocarbonylamino Ci.6 alkyl, 

arylaminocarbonylamino, 

(aryl Ci-8 allQrl)paminocarbonylamLino, 

(aryl Ci-8 alkyDpaminocarbonylamino Ci-6 alkyl, 

aminosulfonylamino Ci.6 alkyl, 

(Ci-S alkyDpaminosulfonylamino, 

(Cl-8 alkyl)paminosulfonylamino Ci-6 alkyl, 

(aryl)paininostLlfonylamino Ci.6 alkyl, 

(aryl Ci-8 alkyDpaminosulfonylamino, 

(aryl Ci.8 alkyl)paminosulfonylaniino Ci-6 alkyl, 

Ci-e alkylsulfonyl, 

Cl-6 alkylsulfonyl Ci-e all^rl, 

aiylsulfonyl Ci-6 alkyl, 
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aryl Ci-6 alkylsulfonyl, 

aryl Ci-G alkylsulfonyl Cl-G alkyl, 

Ci-6 alkylcarbonyl, 

Ci-6 alkylcarbonyl Ci-6 alkyl, 

arylcarbonyl Ci-e alkyl, 

aryl Ci-6 alkylcarbonyl, 

aryl Ci-6 alkylcarbonyl Ci-6 alkyl, 

Ci-6 alkylthiocarbonylamino, 

Cl-6 alkylthiocarbonylanMno Ci-6 alkyl, 

arylthiocarbonylamino Ci-6 alkyl, 

aryl Ci-G alkylthiocarbonylamino, 

aryl Ci-G alkylthiocarbonylamino Ci-6 alkyl, 

(Ci-S alkyl)paminocarbonyl Ci-6 alkyl, 

(aryDpaminocarbonyl Ci-S alkyl, 

(aryl Cl-8 alkyl)paminocarbonyl, 

(aryl Cl-S alkyDpaminocarbonyl Cl-G alkyl, and 

C7-2O polycyclyl Co-8 alkylsulfonylamino; 
wherein any of the alkyl groups of R^and R8 are either unsubstituted or 
substituted with one to three substituents, 

and provided that each R^and R8 are selected such that in the resultant 
compound the carbon atom to which R^ and R8 are attached is itself 
attached to no more than one heteroatom; 

r9 is selected from the group consisting of 
hydrogen, 
Ci-8 alkyl, 

aryl, 

aryl C 1-8 alkyl, 

C1.8 alkylcarbonyloxy Ci,4 alkyl, 
aryl Ci.8 alkylcarbonyloxy C1.4 alkyl, 
Cl-8 alkylaioinocarbonylmethylene, and 
Ci-S dialkylaminocarbonylmethylene; 
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RlO^ RH, R12 and Rl3 are each independently selected from the group 
consisting of 

hydrogen, 

Ci-s alkyl, 

5 aryl, 

halogen, 
hydroxyl, 
aminocarbonyl, 
C3-8 cycloalkyl, 
10 amino Ci-6 alkyl, 

(aryl)paxninocarbonyl, 

hydroxycarbonyl, 
(aryl C1-5 alkyl)paminocarbonyl, 
hydroxycarbonyl Cl-S alkyl, 
15 aiyl C 1-6 alkyl, 

(Ci-6 alkyl)pamino Ci-6 alkyl, 
(aryl Ci-6 alkyl)pamino C2-6 alkyl, 
Ci-S alkylsulfonyl, 
Ci-8 alkoxycarbonyl, 

20 aryloxycarbonyl, 

aryl Ci-g alkoxycarbonyl, 
Cl-S alkylcarbonyl, 

arylcarbonyl, 
aryl Ci-g alkylcarbonyl, 
25 (Cl-8 alkyl)paminocarbonyl, 

amino sulfonyl , 
Ci-8 alkylaminosulfonyl, 
(aryl)paminosulfonyl, 
(aryl Ci-8 alkyl)pan:iinosulfonyl, 
30 Ci-e alkylsulfonyl, 

arylsulfonyl, 
aryl Ci-S alkylstdfonyl, 
aryl Ci-G alkylcarbonyl, 
Ci-6 alkylthiocarbonyl. 
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aryithiocarbonyl, 

aiyl Ci-6 alkylthiocarbonyl, 

aryl-(CH2)r-0-(CH2)s-, 
-aryl-(CH2)rS(0)p-(CH2)s-, 
5 aryl-(CH2)i-C(0)-(CH2)s-, 

aryl-(CH2)r-C(0)-N(R4)-(CH2)s-, 
aryl-(CH2)r-N(R4)-C(0>(CH2)s-, 
aryl-(CH2)r-N(R4)-(CH2)s-, 
HC^-(CH2)t-, 
10 Ci-e alkyl-CsC-(CH2)t-, 

C3.7 cycloalkyl-CsC-(CH2)t-, 
aryl-CsC-(CH2)t-, 
Ci-e alkylaryl-C=C-(CH2)t-, 
CH2=CH-(CH2)t-, 
15 Ci-6 alkyl-CH=CH-(CH2)t-, 

C3-7 cycloalkyl-CH=CH-(CH2)t-, 
aryl-CH=CH-(CH2)tr, 
Cl-6 alfcylaiyl-CH=CH-(CH2)lr, 
Ci-e alkyi-S02-(CH2)t-, 
20 Cl-S alkylaryl-S02-(CH2)t-, 

Ci-8 alkylcarbonylamino, 
aryl Cl-5 alkoxy, 
Cl-5 alkoxycarbonyl, 
(Ci-8 aIkyl)paiiiinocarbonyl, 
25 Cl-6 alfcjrlcarbonyloxy, 

(Cl-6 alkyl)pamino, 
aminocarbonyl Cl-6 alkyl, 
Cl-6 alkoxy, 
aryl Cl-6 alkoxy, 
30 (aryl)pamino, 

(aryDpamino Cl-6 alkyl, 
(aryl Cl-6 alkyDpamino, 
(aiyl Cl-e alkyDpamino Ci-e alkyl, 
arylcarbonyloxy, 
35 aryl Cl-6 allsylcarbonyloxy, 
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(Ci-6 alkyDpaminocarbonyloxy, 
Ci-8 alkylsulfonylamino, 

arylsulfonylamino, 

Ci-8 alkylsxilfonylamino Ci-6 alkyl, 

arylsxilfonylamino Ci-S alkyl, 

aryl Ci-6 alkylsxilfonylamino, 

aryl Ci-6 alkylsulfonylamino Ci-6 alkyl, 

Cl-8 alkoxycarbonylamino, 

Ci-8 alkoxycarbonylamino Cl-8 alkyl, 

aryloxycarbonylamino Ci-8 alkyl, 

aryl Ci.8 alkoxycarbonylamino, 

aryl Cl-S alkoxycarbonylamino Ci-8 alkyl, 

Cl-8 alkylcarbbnylaroino, 

Cl-8 alkylcarbonylamino Ci-6 alkyl, 

arylcarbonylamino Ci-6 alkyl, 

aryl Ci-6 alkylcarbonylamino, 

aryl Ci-6 alkylceirbonylaiiiino Ci-6 alkyl, 

aminocarbonylamino Ci-6 alkyl, 

(Cl-8 alkyl)paminocarbonyl£anino, 

(Cl-8 alkyl)paminocarbonylamino Ci-6 alkyl, 

(aryl)paminocarbonylamino Ci-6 alkyl, 

(aryl Ci-S alkyl)paminocarbonylamino, 

(aryl Cl-8 alkyl)paminocarbonylamino Ci-6 alkyl, 

aminosulfonylamino Ci-g alkyl, 

(Ci-S alkyl)paminosulfonylamino, 

(Cl-8 alkyl)paminosulfonylamino Ci-6 alkyl, 

(aryl)parQinostdfonylamino Ci-6 alkyl, 

(aryl Cl-8 alkyl)paminosulfonylamino, 

(aryl Ci-8 alkyDpaminosnlfonylamino Ci-6 alkyl, 

Ci-6 alkylsulfonyl, 

Ci-6 alkylsulfonyl Ci-6 alkyl, 

arylsxilfonyl Ci-6 alkyl, 

aryl Ci-6 alkylsulfonyl, 

aryl Ci-6 alkylstilfonyl Ci-6 alkyl. 
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Ci-6 alkylcarbonyl, 
Cl-6 alkylcarbonyl Cl-6 al^l, 
arylcarbonyl Cl-6 alkyl, 
aryl Cl-6 alkylcarbonyl, 
5 aryl Cl-6 alkylcarbonyl Cl-6 alkyl, 

Cl-6 alkylthiocarbonylamino, 
Ci-e alkylthiocarbonylamino Ci-6 alkyl, 
arylthiocarbonylamino Ci.6 alkyl, 
aryl Cl-6 alkylthiocarbonylamino, 
10 aryl Ci-6 allqrlthiocarbonylamino Cl-6 alkyl, 

(Ci-8 alkyl)paminocarbonyl Ci-6 alkyl, 
(aryl)paminocarbonyl Ci.6 alkyl, 
(aryl Ci-g alkyDpaminpcarbonyl, and 
(aryl Ci-8 alkyl)paminocarbonyl Ci-6 alkyl; or 
15 RlO and R^^ are taken together with the carbon atoms to which 

they are attached to form a 5- to 7-membered monocyclic aromatic 
or nonaromatic ring system having 0, 1, 2, 3, or 4 heteroatoms 
selected from the group consistingof N, O, andS wherein the ring 
nitrogen atoms are unsubstituted or substituted with one 
20 substituent and the ring carbon atoms are unsubstituted or 

substituted with one or two R^ substituents, 
and wherein any of the alkyl groups of RIO, R^, R^^, and R13 are either 
tmsubstituted or substituted with one to three R^ substituents; 

25 wherein 

each m is independently an integer from 0 to 6; 

each n is independently an integer from 0 to 6 

each p is independently an integer from 0 to 2; 

each r is independently an integer from 1 to 3; 
30 each s is independently an integer from 0 to 3; 

each t is independently an integer from 0 to 3; and 

each V is independently an integer from 0 to 2; 

and the pharmaceutically acceptable salts thereof. 
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The present invention also relates to pharmaceutical 
compositions comprising the compoimds of the present invention and a 
pharmaceutically acceptable carrier. 

The present invention sJso relates to methods for making 
5 the pharmaceutical compositions of the present invention. 

The present invention also relates to methods for eliciting 
an integral receptor antagonizing effect in a mammal in need thereof by 
administering the compounds and pharmaceutical compositions of the 
present invention. 

10 The present invention also relates to methods for inhibiting 

bone resorption, restenosis, atherosclerosis, inflammation, viral 
disease, diabetic retinopathy, maculsir degeneration, angiogenesis, 
wotmd healing, tumor growth, and metastasis by administering the 
compoimds and pharmaceutical compositions of the present invention, 

15 The present invention also relates to methods for treating 

osteoporosis by admirdstering the compounds and pharmaceutical 
compositions of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
20 The present invention relates to compoimds useful as 

integrin receptor antagonists. Compounds of the present invention are 
described by the following structural formulas selected from the group 
consisting of 
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X-Y— N'^N— (CHa 




COaR- 




O r7 



COpR 



9 



>11 



, and 



10 
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X-Y— N'^N-"^ 



COgR' 



(13 



wherein the dotted line a represents a single or a double bond, provided 
that when a represents a double bond, the double bond carbon atoms are 
5 substituted only with R^^ and R^^; 

X is selected from the group consisting of 

N'"' NR2 

-Inr'r^ _nr1-c-nr^r2 

a 5- or 6-meinbered monocyclic aromatic or nonsiromatic ring 
system having 0, 1, 2, 3 or 4 heteroatoms selected from the group 
10 consisting of N, O, and S wherein the ring nitrogen atoms are 

unsubstituted or substituted with one substituent and the ring 
carbon atoms are imsubstituted or substituted with one or two Rl 
substituents, and 

15 a 9- to 14-membered polycycKc ring system, wherein one or more 

of the rings is aromatic, and wherein the polycychc ring system 
has 0, 1, 2, 3 or 4 heteroatoms selected from the group consisting of 
N, O, and S wherein the ring nitrogen atoms are imsubstituted or 
substituted with one substituent and the ring carbon atoms are 

20 unsubstituted or substituted with one or two Rl substituents; 

. Y is selected from the group consisting of 

-(CH2)m-, 
25 -(CH2)m-0.(CH2)n-, 

-(CH2)m-NR4.(CH2)n-, 
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-(CH2)m-S-(CH2)n-, 

-(CH2)m-SO-(CH2)n-, 

-(CH2)m-S02-(CH2)n-» 

-(CH2)m-0-(CH2)n-0-(CH2)p-. 
5 -(CH2)m-0-(CH2)n-NR4-(CH2)p -, 

-(CH2)m-NR4-(CH2)n-NR4-(CH2)p -, 

-(CH2)m-0-(CH2)n-S-(CH2)p 

-(CH2)m-S-(CH2)n-S-(CH2)p -, 

-(CH2)m-NR4.(CH2)n-S-(CH2)p 
10 -(CH2)m-NR4 -(CH2)n-0-(CH2)p -, 

-(CH2)m-S-(CH2)n-0-(CH2)p -, 

-(CH2)m-S-(CH2)n-NR4.(CH2)p -, and 

-(CH2)m -"Z-C CH2)n-, 
wherein Z is a 3- to 10-membered monocyclic or polycydic aromatic or 
15 nonaromatic ring system having 0, 1, 2, 3, or 4 heteroatoms selected 

from the group consisting of N, O, and S wherein the 3- to 10-membered 
monocydic or polycyclic aromatic or nonaromatic ring system is either 
unsubstituted or substituted with one or two substituents, and 
wherein any methylene (CH2) carbon atom in Y, other than in R4, can 
20 be substituted by one or two R3 substituents; and 

wherein R^ and R2 are each independently selected from the group 

consisting of 

hydrogen, halogen, Ci-lO alkyl, C3-8 cycloalkyl, 

25 C3-8 cycloheteroalkyl, C3.8 cycloalkyl Ci-6 alkyl, 

C3.8 cycloheteroalkyl Ci-6 alkyl, aryl, aryl Ci-8 alkyl, amino, 
amino Ci-8 alkyl, Ci-3 acylamino, C1-3 acylamino Ci-S alkyl, 
(Ci-6 alkyDpamino, (Ci-e alkyl)pamino Ci-S alkyl, 
C1.4 alkoxy, C1-4 alkoxy Ci-6 alkyl, hydroxycarbonyl, 

30 hydroxycarbonyl Ci-S alkyl, Ci-3 alkoxycarbonyl, 

C1.3 alkoxycarbonyl Ci-e alkyl, hydroxycarbonyl- 
Ci-6 alkyloxy, hydroxy, hydroxy Ci-S alkyl, Ci-6 alkyloxy- 
Ci-6 alkyl, nitro, cyano, trifluoromethyl, trifluoromethoxy, 
trifluoroethoxy, Ci-8 alkyl-S(0)p, (Ci-8 alkyl)paminocarbonyl, 
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(aryl Ci-8 alkyDpamino, (aryDpamino, aryl Ci-S 
alkylsulfonylamino, and Ci-S alkylsulfonylamino; 
or two Rl substituents, when on the same carbon atom, 
together to form a carbonyl group; 

r3 is independently selected from the group consisting o 
hydrogen, 
aryl, 

Ci-io alkyl, 

aryl-(CH2)rO-(CH2)s-, 

aryl-(CH2)rS(0)p-(CH2)s-. 

aryl-(CH2)rC(0)-(CH2)s-, 

aryl-(CH2)rC(0)-N(R4)-(CH2)s-, 

aryl-(CH2)r-N(R4)-C(0)-(CH2)s-, 

aryl-(CH2)rN(R^)-(CH2)s-, 

halogen, 
hydroxyl, 

0X0, 

trifluoromethyl, 

Ci-8 alkylcarbonylamino, 

aryl Ci-5 alkoxy, 

Ci-5 alkoxycarbonyl, 

(Ci-8 alkyDpaminocarbonyl, 

Ci-e alkylcarbonyloxy, 

C3-8 cycloalkyl, 

(Ci-e alkyl)pamino, 

amino Ci-e alkyl, 

arylaminocarbonyl, 

aryl Ci-S alkylaminocarbonyl, 

aminocarbonyl, 
aminocarbonyl Ci-G alkyl» 

hydroxycarbonyl, 
hydroxycarbonyl Ci-S ^V^* 
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HC=C-(CH2)t-, 

Ci-6 alkyl-C=C-(CH2)t-, 

C3-7 cycloalkyl-CsC-(CH2)t-, 

aryl-C=C-(CH2)t-, 
5 Ci-e alkylaryl-C=C-(CH2)lr, 

CH2=CH-(CH2)t-, 

C1.6 alkyl-CH=CH-(CH2)t-, 

C3.7 cycloalkyl-CH=CH-(CH2)t-, 

aryl-CH=CH-(CH2)t-, 
10 Cl-e alkylaryl-CH=CH-(CH2)t-, 

C1.6 alkyl-S02-(CH2)t-, 

Ci-6 alkylaryl-S02-(CH2)t-, 

Cl-6 alkoxy, 

aryl Ci-e aUkoxy, 
15 aryl Cl-S alkyl, 

(Cl-6 alkyDpamino Cl-6 alkyl, 

(aryDpamino, 

(aryDpamino Cl.6 alkyl, 
(aryl Ci-e alkyDpamino, 
20 (aiyl Ci-e alkyDpamino Cl-e alkyl, 

arylcarbonyloxy, 
aryl Cl-e alkylcarbonyloxy, 
(Cl-6 alkjrDpaminocarbonyloxy, 
Cl-8 alkylsulfonylamino, 
25 arylsxilfonylamino, 

Cl-8 alkylsulfonylamino Cl-6 alkyl, 
arylsxilfonylamino Cl.6 alkyl, 
aryl Cl-6 alkylsulfonylamino, 
aryl Cl-6 alkylsulfonylamino Cl.6 alkyl, 
30 • Cl-8 alkoxycarbonylamino, 

Ci-S alkoxycarbonylamino Cl-8 alkyl, 

aryloxycarbonylamino Cl-8 alkyl, 

aryl Cl-8 alkoxycarbonylamino, 

aryl Ci.8 alkoxycarbonylamino Cl.8 alkyl, 
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Ci-8 alkylcarbonylamino, 

Ci-8 alkylcarbonyiamino Ci-6 alkyl, 

arylcarbonylamino Ci-6 alkyl, 

aryl Ci-6 alkylcarbonyiamino, 

aryl Ci-6 alkylcarbonyiamino Cl-S alkyl, 

aminocarbonylamino Ci-6 alkyl, 

(Ci-8 alkyDp aminocarbonylamino, 

(Ci-8 alkyl )paminocarbonylamino Ci-6 alkyl, 

(aryl)paminocarbonylamino Ci-6 alkyl, 

(aryl Cl-8 alkyl)paminocarbonylamino, 

(aryl Ci.8 alkyDpaminocarbonylamino Ci-6 alkyl, 

aminosxilfonylamino Ci-e alkyl, 

(Ci-8 alkyDpaminosulfonylamino, 

(Ci-8 alkyDpaminosulfonylamino Ci-6 alkyl, 

(aryl)paminosulfonylamino Ci-6 alkyl, 

(aryl Ci-8 alkyDpSuninosulfonylamino, 

(aryl 01-8 alkyDpaminosulfonylamino Cl^6 alkyl, 

Ci-6 alkylsulfonyl, 

Cl-6 allQrlsulfonyl Cl-G alkyl, 

arylsulfonyl Ci-6 alkyl, 

aryl Ci-S alkylsulfonyl, 

aryl Gi-6 alkylsulfonyl Cl-6 alkyl, 

Ci_6 alkylcarbonyl, 

Cl-6 alkylcarbonyl Ci-6 al^l, 

arylcarbonyl Ci-6 alkyl, 

aryl Ci-6 alkylcarbonyl, 

aryl Cl-6 alkylcarbonyl Cl-e alkyl, 

Cl-6 alkylthiocarbonylamino, 

Cl-6 alkylthiocarbonylamino Ci-6 alkyl, 

arylthiocarbonylamino Ci-6 alkyl, 

aryl Ci.6 alkylthiocarbonylamino, 

aryl C 1-6 alkylthiocarbonylamino Ci.6 alkyl, 

(Ci-8 alkyDpaminocarbonyl Ci.6 alkyl, 

(aryDpaminocarbonyl Ci-6 alkyl. 
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(aryl Ci-8 alkyDpaminocarbonyl, and 
(aryl Ci-S alfcyrDpaminocarbonyl Ci-6 alkyl; 

or two R3 substituents, when on the same carbon atom, are taken 
- together with the carbon atom to which they are attached to 
5 form a carbonyl group or a cyclopropyl group, 

wherein any of the alkyl groups of R3 are either unsubstituted or 
substituted with one to three substituents, 
and provided that each R3 is selected such that in the resultant 
compound the carbon atom or atoms to which R3 is attached is itself 
10 attached to no more than one heteroatom; 

each R4 is independently selected from the group consisting of 
hydrogen; 
aryl, 

15 aminocarbonyl, 

C3-8 cycloalkyl, 

amino Ci-S alkyl, 

(aryl)paminocarbonyl, 

(aryl Ci-5 alkyDpaminocarbonyl, 
20 hydroxycarbonyl Ci-6 alkyl, 

C1.8 alkyl, 

aryl C 1-6 alkyl, 

(Ci-6 alkyDpamino C2.6 alkyl, 
(aryl Ci-6 alkyDpamino C2.6 slkyly 
25 Ci-S alkylsulfonyl, 

Ci-8 alkoxycarbonyl, 

aryloxycarbonyl, 

aryl Cl-8 alkoxycarbonyl, 

C1.8 alkylcarbonyl, 

30 arylcarbonyl, 

aryl Ci-6 alkylcarbonyl, 
(Ci-8 alkyDpaminocarbonyl, 

amino sulfonyl , 

Ci-8 alkylaminosulfonyl. 
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(aryDpaminosulfonyl, 
(aryl Ci-8 alkyl)paminosulfonyl, 
arylsulfonyl, 
arylCl-6 alkylsulfonyl, 
5 Ci-6 alkylthiocarbonyl, 

arylthiocarbonyl, and 

aryl Ci-6 alkylthiocarbonyl, 

wherein any of the alkyl groups of R4 are either unsubstituted or 
substituted with one to three substituents; 

10 

R5 and R6 are each independently selected from the group consisting of 
hydrogen, 
Ci-lO alkyl, 
aryl, 

15 aryHCH2)r-0-(CH2)s-, 

aiyl-(CH2)rS(0)p.(CH2)s-, 

aryHCH2)r-C(OHCH2)s-, 

aryl-(CH2)r-C(0)-N(R4)-(CH2)s-, 

aryKCH2)r-N(R4)-C(0)-(CH2)s-, 
20 aryKCH2)r-N(R4).(CH2)s-, 

halogen, 

hydroxyl, 

Ci-S alkylcarbonylamino, 

aryl Ci-5 alkoxy, 
25 C1.5 alkoxycarbonyl, 

(Ci-S alkyl)paminocarbonyl, 

Ci-6 alkylcarbonyloxy, 

C3.8 cydoallqrl, 

(Ci-e alkyDpamino, 
30 amino Ci-6 alkyl, 

arylaminocaurbonyl, 

aryl Cl-5 alkylaminocarbonyl, 

aminocarbonyl, 
aminocarbonyl Ci-6 alkyl. 
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hydroxycarbonyl, 
hydroxycarbonyl Cl-6 alkyl, 

HC=C-(CH2)t-, 
-Ci-6 alkyl-C=C-(CH2)t-, 
5 C3-7 cycloalkyl-C^-(CH2)t-, 

aryl-C=C-(CH2)t-, 

Cl-6 alkylaryl-CsC-(CH2)t-, 

CH2=CH-(CH2)t-, 

Cl 6 alkyl-CH=CH-(CH2)t-, 
10 C3.7 cycloalkyl-CH=CH-(CH2)t-, 

aiyl-CH=CH-(CH2)t-, 

Cl-6 alkylaryl-CH=CH-(CH2)t-, 

Cl-6 alkyl-S02-(CH2)t-, 

Cl-6 alkylaryl-S02-(CH2)t-, 
15 Cl-6 alkoxy, 

aryl Ci-e alkoxy, 

aryl Cl-6 alkyl, 

(Cl-6 alkyDpamino Ci-6 alkyl, 

(aryDpamino, 
20 (aryDpamino Cl-6 alkyl, 

(aryl Cl-e alkyDpamino, 

(aryl Cl-6 alkyDpamino Cl-6 aikyl, 

arylcarbonyloxy, 

aryl Cl-6 al^lcarbonyloxy, 
25 (Cl-6 alkyDpaminocarbonyloxy, 

Cl-8 alkylsulfonylamino, 

arylstilf onylamino , 

Cl-8 alkylsiilfonylamino C1.6 alkyl, 

arylsulfonylamino Ci-6 alkyl, 

30 aryl Ci-e alkylsiilfonylamino, 

aryl Cl-6 alkylsulfonylamino Cl-6 alkyl, 
Cl-8 alkoxycarbonylamino, 
Cl-8 alkojgrcarbonylamino Cl-S alkyl, 
aryloxycarb onylamino Cl-8 alkyl, 

35 aryl Cl-8 alkoxycarbonylamino, 
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aryl Ci-8 alkoxycarbonylamino Ci-8 alkyl, 

Ci-8 alkylcarbonylamino, 

Ci-8 alkylcarbonylamino Ci-6 alkyl, 

arylcarbonylamino Ci^6 alkyl, 

aryl Ci-6 alkylcarbonylamino, 

aryl Ci-6 alkylcarbonylamino Ci-6 alkyl, 

aminocarbonylamino Ci-6 alkyl, 

(Ci-8 alkyDpaminocarbonylamino, 

(Ci-8 alkyl)paniinocarbonylamino Ci-g alkyl, 

(aryl)paminocarbonylamino Ci-6 alkyl, 

(aryl Ci.8 alkyl)paminocarbonylamino, 

(aryl Ci-8 alkyl)paminocarbonylamino Cl.6 alkyl, 

amino sulfonylamino Ci-6 alkyl, 

(Ci-8 alkyl)paminosulfonylamino, 

(Ci.8 alkyl)paminosulfonylaniino Ci-6 alkyl, 

(£UTrl)paminosulfonylamino Ci-6 alkyl, 

(aryl Ci-8 al^l)paminostilfonylamino, 

(aryl Ci-8 alkyl)paminosulfonylamino Ci-6 alkyl, 

Ci-6 alkylsxilfonyl, 

Ci-6 alkylsulfonyl Ci.6 alkyl, 

aiylsulfonyl Ci-6 alkyl, 

aryl Ci-6 alkylsulfonyl, 

aiyl Ci-6 alkylsulfonyl Ci-6 alkyl, 

Ci-s alkjrlcarbonyl, 

Ci-6 alkylcarbonyl Ci-6 alkyl, 

arylcarbonyl Ci-6 alkyl, 

aryl Ci-6 alkylcarbonyl, 

aryl Ci-G alkylcarbonyl Ci-g alkyl, 

Ci-B alkylthiocarbonylamino, 

Ci-6 alkylthiocarbonylamino Ci.6 alkyl, 

arylthiocarbonylganino Ci-g alkyl, 

aryl Ci-6 alkylthiocarbonylamino, 

aryl Cl-6 alkylthiocarbonylamino Ci-6 alkyl, 

(Ci-8 alkyDpaminocarbonyl Ci-6 alkyl. 
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(aryDpaminocarbonyl Ci-6 alkyl, 
(aryl Ci-8 alkyl)paminocarbonyl, and 
(aryl Ci-8 alkyDpaminocarbonyl Ci-6 alkyl; 
or R5 and R6 are taken together with the carbon atom to which 
5 they are attached to form a carbonyl group, 

wherein any of the alkyl groups of or R^ are either unsubstituted or 
substituted with one to three R^ substituents, 

and provided that each r5 and R^ are selected such that in the resultant 
compound the carbon atom to which R5 and R6 are attached is itself 
10 attached to no more than one heteroatom; 

r7 and R8 are each independently selected from the group consisting of 
hydrogen, 
Ci-io alkyl, 

15 aryl, 

aryl-(CH2)r-0-(CH2)s-, 

aryl-(CH2)rS(0)p-(CH2)s-, 

aryl-(CH2)r-C(OHCH2)s-, 

aryl-(CH2)r-C(0)-N(R4)-(CH2)s-, 
20 aryl-(CH2)r-N(R4)-C(0)-(CH2)s-, 

aryl-(CH2)r-N(R4)-(CH2)s-, 

halogen, 

hydroxyl, 

Ci-8 alkylcarbonylamino, 
25 aryl Ci-5 alkoxy, 

Cl-5 alkoxycarbonyl, 

(Ci-S alkyDpaminocarbonyl, 

Ci-6 alkylcarbonyloxy, 

C3.8 cydoalkyl, 
30 . (Ci-e alkyl)pamino, 

amino Ci-6 alkyl, 

arylaminocarbonyl, 

aiyl C1.5 alkylaminocarbonyl, 

aminocarbonyl, 
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arainocarbonyl Ci-6 alkyl, 

hydroxycarbonyl, 
hydroxycarbonyl Ci-6 alkyl, 

HC^-(CH2)t-, 
5 Ci-6 alkyl-C^C-(CH2)t-, 

C3.7 cycloalkyl-C^.(CH2)t-, 

aryl-C^-(CH2)t-, 

Cl-6 alkylaryl.C^-(CH2)t-, 

CH2=CH-(CH2)t-, 
10 Ci-6 alkyl.CH=CH-(CH2)t- , 

C3.7 cycloalkyl.CH=CH-(CH2)t-, 

aryl.CH=CH-(CH2)t-, 

C1.6 alkylaryl-CH=CH.(CH2)t-, 

C1.6 alkyl-S02-(CH2)t-, 
15 Ci-6 alkylaryl-S02-(CH2)t- , 

Ci-6 alkoxy, 

aryl Ci-S alkoxy, 

aryl Ci-6 alkyl, 

(Ci-6 alkyDpamino Ci-6 alkyl, 
20 (aryl)painino, 

(aryl)paimno Ci-6 alkyl, 
(aiyl Cl-e alkyDpamino, 
(aryl Cl-S alkyDpamino Ci-6 alkyl, 

arylcarbonyloxy, 
25 aryl Ci-6 al^lcarbonyloxy, 

(Ci-e alkyDpaminocarbonyloxy, 
Ci-8 alkylsulfonylamino, 

arylsulf onylamino , 
Ci-8 alkylsulfonylamino Cl-6 alkyl, 
30 arylsxilfonylamino Cl-6 alkyl, 

aryl Ci-6 alkylsulfonylamino, 
aryl Ci-6 alkylsulfonylamino Ci-6 alkyl, 
Ci-8 alkoxycarbonylamino, 
Ci-8 alkoxycarbonylamino C 1-8 alkyl, 



-36- 



wo 99/31099 



PCTAJS98/26S68 



aryloxycarbonylamino Ci-8 alkyl, 
aryl Ci-S alkoxycarbonylamino, 
aryl Ci-8 alkoxycarbonylamino Ci-8 alkyl, 
"Ci-8 alkylcarbonylamino, 
5 Ci-8 alkylcarbonylamino Ci-6 alkyl, 

arylcarbonylamino 

Ci-6 alkyli 
aryl Ci.6 alkylcarbonylamino, 
aryl Ci-6 alkylcarbonylamino Ci-6 alkyl, 
aminocarbonylanuno Ci-6 alkyl, 
10 (Ci-8 alkyDpaminocarbonylamino, 

(Ci.8 alkyDpaminocarbonylamino Cl-6 alkyl, 
(aryDpaminocarbonylamino Ci-6 alkyl, 
(aryl Ci-g alkyl)pamindcarbonylamino, 
(aryl Ci-8 alkyDpaminocarbonylamino Ci-6 alkyl, 
15 aminosnlfonylamino Ci-6 alkyl, 

(Ci-8 alkyDpaminosulfonylamino, 
(Cl-8 alkyDpaminosulfonylamino Ci-6 alkyl, 
(aryl)paminosulfonylamino Ci-6 alkyl, 
(aryl Ci-8 alkyDpaioinosulfonylamino, 
20 (aryl Ci-g alkyDpaminosulfonylamino Ci-6 alkyl, 

Ci-6 alkylsiilfonyl, 
Ci-6 alkylsulfonyl Ci-e alkyl* 
arylsulfonyl Ci-G alkyl, 
aryl Ci-6 alkylsulfonyl, 
25 aryl Ci-6 alkylsulfonyl Ci-6 alkyl, 

Ci-G alkylcarbonyl, 
Ci-e alkylcarbonyl Ci-6 alkyl, 
arylcarbonyl Cl-S alkyl, 
aryl Ci-S alkylcarbonyl, 
30 aryl Ci-G alkylcarbonyl Ci-6 alkyl, 

Ci-6 alkylthiocarbonylamino, 
Ci-6 alkylthiocarbonylamino C^.e alkyl, 
arylthiocarbonylamino Ci-6 alkyl, 
aryl Ci-6 alkylthiocarbonylamino. 
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10 



(Ci-S alkyDpaminocarbonyl Ci-G sSkyl, 
(aryDpaminocarbonyl Ci-e alkyl, 
(aryl Cl-S alkyDpaminocarbonyl, 
(aryl Ci-8 alkyDpaniinocarbonyl Cl-S alkyl, and 
C7.2O polycyclyl Co-8 alkylsulfonylamino; 
wberein any of the alkyl groups of R W RS are either unsubst^tuted or 

ioU the carbon atom to which r7 and R8 are attached . .tself 
attached to no more than one het^roatom; 

r9 is selected fr'om the group consisting of 
hydrogen, 
15 Ci-S alkyl, 

aryl, 

aryl Ci-S alkyl, 

Ci-8 alkylcarbonyloxy Ci-4 alkyl, 
aryl Cl-8 alkylcarbonyloxy C1.4 alkyl, 
20 Cl-S alkylaminocarbonyhnethylene, and 

Ci-S dialkylaminocarbonylmethylene; 

Rio, Rll. R12 and Rl3 are each independenUy selected from the group 

consisting of 
25 hydrogen, 

aryl, 
halogen, 
hydroxyl, 
gQ aminocarbonyl, 

C3.8 cycloalkyl, 

amino Ci-e alkyl, 

(aryl)paminocarbonyl, 

hydroxycarbonyl. 
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(aryl Ci-S alkyl)paminocarbonyl, 
hydroxycarbonyl Ci-6 alkyl, 
aryl Ci-6 alkyl, 

(Ci-e alkyDpamino Ci-G alkyl, 
5 (aryl Ci-6 alkyDpamino C2-6 alkyl, 

Cl-8 alkylsialfonyl, 
C1.8 alkoxycarbonyl, 

aryloxycarbonyl, 
aryl Ci-8 alkoxycarbonyl, 
10 Ci-8 alkylcarbonyl, 

arylcarbonyl, 

aryl Ci-6 alkylcarbonyl, 

(Ci-8 alkyDpaminocarbonyl, 

amino sulfonyl , 
15 Ci-S alkylaminostilfonyl, 

(aryl)paminosulf onyl , 

(aryl C1.8 alkyDpaminosulfonyl, 

Ci-6 alkylsialfonyl, 

arylsulfonyl, 
20 aryl Cl-6 alkylsulfonyl, 

aryl Ci-6 alkylcarbonyl, 

Ci-6 alkylthiocarbonyl, 

arylthio carbonyl, 

aryl Ci-6 alkylthiocarbonyl, 

25 aryl-(CH2)r-0.(CH2)s-, 

aryl-(CH2)rS(0)p-(CH2)s-, 
aryKCH2)r-C(0)-(CH2)s-, 
aryl-(CH2)r-C(0)-N(R4HCH2)s-, 
aryKCH2)r-N(R4).C(0)-(CH2)s-, 

30 aryKCH2)r-N(R4).(CH2)s-, 
HCsC-(CH2)t-, 
Ci-e alkyl-CsC.(CH2)t-, 
C3.7 cycloalkyl-CsC-(CH2)t-, 
aryl-CsC-(CH2)t-, 
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Cl-e alkylaiyl-C^C-(CH2)tr, 

CH2=CH-(CH2)t-, 

Ci.6 alkyl.CH=CH-(CH2)t-, 

C3-7 cycloalkyl-CH=CH-(CH2)t-, 
5 axyl-CH=CH-(CH2)t-, 

Cl-6 alkylaryl-CH=CH-(CH2)t-, 

Cl-6 alkyl.S02-{CH2)t- , 

Cl-G alkylaiyl-S02-(CH2)t-, 

Ci-8 alkylcairbonylaimno, 
0 aiyl Ci-5 alkoxy, 

Cl-5 alkoxycarbonyl, 

(Cl-8 alkyDpaminocarbonyl, 

Cl-6 alkylcarbonyloxy, 

(Cl-6 alkyl)painino, 
5 aminocarbonyl Cl-6 alkyl, 

Cl-6 alkoxy, 

aryl Cl.6 alkoxy, 

(aryl)pamino, 

(aryl)painino Cl-6 alkyl, 
3 (aryl Cl-6 alkyDpamino, 

(aryl Cl-6 alkyDpamino Ci.6 alkyl, 

arylcarbonyloxy, 

aryl Cl-6 alkylcarbonyloxy, 

(Cl-6 alkyDpaminocarbonyloxy, 
5 Ci-8 alkylsulfonylamino, 

arylsulfonylamino , 
Cl-8 alkylsnlfonylamino Cl-6 alkyl, 
arylsxilfonylamino Cl-6 alkyl, 
aryl Cl-6 alkylsulfonylaroino, 
) . aiyl C1.6 alkylsulfonylamino C1.6 alkyl, 

Cl-8 alkoxycarbonylamino, 
Cl-8 alkoxycarbonylamino Ci-8 alkyl, 
aryloxycarbonylamino Cl-8 alkyl, 
aryl Ci.8 alkoxycarbonylamino, 
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aiyl Ci-8 alkoxycarbonylamino Ci-8 alkyl, 
Cl-8 alkylcarbonylamino, 
Ci-S alkylcarbonylamiiio Ci-6 alkyl, 
arylcarbonylammo Cl-S alkyl, 
5 aryl Ci-S alkylcarbonylamino, 

aryl Ci-6 alkylcarbonylamino Ci-6 alkyl, 
aminocarbonylamino Ci-6 alkyl, 
(Ci-8 alkyDpaminocarbonylamino, 
(Ci-8 alkyDpaminocarbonylamino Ci-6 alkyl, 
10 (aryl)paminocarbonylamino Ci-6 alkyl, 

(aryl Cl.8 alkyDpaminocarbonylamino, 
(aryl Ci-8 alkyDpaminocarbonylamino Ci-6 alkyl, 
amino stilfonylamino Ci-6 alkyl, 
(Ci-8 alkyDpaminosulfonylamino, 
15 (Cl.8 alkyDpaminosulfonylamino Ci-6 alkyl, 

(aryDpaminosulfonylamino Cl-6 alkyl, 
(aryl Cl-8 alkyDp amino stilfonylamino, 
(aryl Cl-S alkyl)paimnosiilfonylamino Cl-6 alkyl, 

Cl-6 alkylsxolfonyl, 
20 Cl-6 alkylsulfonyl Ci-e alkyl, 

arylsulfonyl Ci-6 alkyl, 

aryl Ci.6 alkylsulfonyl, 

aryl Cl-6 alkylsxilfonyl Cl-6 alkyl, 

Cl-6 alkylcarbonyl, 
25 Cl-6 alkylcarbonyl Cl-6 alkyl, 

arylcarbonyl Cl-6 alkyl, 

aryl Cl-6 alkylcarbonyl, 

aryl Ci-6 alkylcarbonyl Cl-6 alkyl, 

Cl-6 alkylthiocarbonylamino, 
30 Cl-6 alkylthiocarbonylamino Ci-6 alkyl, 

arylthiocarbonylamino Ci-6 alkyl, 

aryl Ci-6 alkylthiocarbonylamino, 

aryl Ci.6 alkylthiocarbonylamino Ci-6 alkyl, 

(Ci-S alkyDpaminocarbonyl Cl-e alkyl. 
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(aryDpaminocarbonyl Ci-S alkyl, 
(aryl Ci-g alkyDpaminocarbonyl, and 
(aryl Cl-8 alkyl)paniinocarboiiyl Ci-6 alkyl; or 
RlO and Rl2 are taken together with the carbon atoms to which 
5 they are attached to form a 5- to 7-membered monocydic aromatic 

or nonaromatic ring system having 0, 1, 2, 3, or 4 heteroatoms 
selected from the group consisting of N, O, and S wherein the ring 
nitrogen atoms are ixnsubstituted or substituted with one 
substituent and the ring carbon atoms sire unsubstituted or 
10 substituted with one or two R^ substituents, 

and wherein any of the alkyl groups of R^^, R^^, R^^^ and r13 are either 
unsubstituted or substituted with one to three R1 substituents; 



wherein 

15 each m is independently an integer from 0 to 6; 

each n is independently an integer from 0 to 6 

each p is independently an integer from 0 to 2; 

each r is independently an integer from 1 to 3; 

each s is independently an integer from 0 to 3; 
20 each t is independently an integer from 0 to 3; and 

each V is independently an integer from 0 to 2; 

and the pharmaceutically acceptable salts thereof. 

25 In one embodiment of the present invention, compounds are 

described by the following structural formulas selected from the group 
consisting of 




30 
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and 



wherein the dotted line a represents a single or a double bond, provided 
5 that when a represents a double bond, the double bond carbon atoms are 
substituted only with RlO and Rl2. 

In a class of this embodiment of the present invention, 
compounds are described by the following structural formula 

10 




wherein the dotted line a represents a single or a double bond, provided 
that when a represents a double bond, the double bond carbon atoms are 
15 substituted only with R and R . 

In a subclass of this dass of the present invention, 
compoxmds are described by the following structxiral formula 
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15 



O 



R^^ R^2 



In the compoTinds of the present invention, X is preferably 
a G-merobered monocycUc aromatic ring system having 1 or 2 nitrogen 
5 atoms wherein each ring carbon atom is imsubstituted or substituted 
with one substituent, or 

a 9- to 14-membered polycydic ring system, wherein one or more of the 
rings is aromatic, and wherein the polycydic ring system has 0, 1, 2, 3 
10 or 4 heteroatoms selected firom the group consisting of N, O, and S 

wherein the ring nitrogen atoms are unsubstituted or substituted with 
one substituent and the ring carbon atoms are unsubstituted or 
substituted with one or two R^ substituents. 



More preferably, X is selected from the group consisting of 
H H H 



20 
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Most preferably X is 




In the compounds of the present invention, Y is preferably 
5 selected from the group consisting of 

-(CH2)m-. 

-(CH2)m-0-(CH2)n-. 

-(CH2)m-NR4-(CH2)n-, 
10 -(CH2)m-S-(CH2)n-, 

-(CH2)m-SO-(CH2)n-, 

-(CH2)m-S02-(CH2)n-, 

-(CH2)m-0-(CH2)n-0-(CH2)p-, 

-{CH2)m-0-(CH2)n-NR4-(CH2)p-, 
15 -(CH2)m-NR4.(CH2)n-NR4.(CH2)p-, and 

-(CH2)m-lSrR4-(CH2)n-0-(CH2)p-, 
wherein any methylene (CH2) carbon atom in Y, other than in R"*^, can 

be substituted by one or two substituents. 

20 More preferably Y is selected from the group consisting of 

(CH2)m, (CH2)m-S-(CH2)n. and (CH2)m-NR4-(CH2)n, 

wherein any methylene (CH2) carbon atom in Y, other than in R^, can 
25 be substituted by one or two R^ substituents. 

Most preferably Y is (CH2)m or (CH2)m-NR4-(CH2)n 
wherein any methylene (CH2) carbon atom in Y, other than R4, can be 
substituted by one or two R^ substituents. 

30 
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In the compounds of the present invention, Rl and R2 are 
preferably selected from the group consisting of hydrogen, halogen, Ci- 
10 alkyl, C3-8 cydoalkyl, C3-8 cydoheteroalkyl, hydroxy, nitro, cyano, 
5 trifluoromethyl, and trifluoromethoxy. 

More preferably, Rl and R2 are selected from the group 
consisting of hydrogen, halogen, Ci-io alkyl, C3-8 cycloalkyl, 

trifluoromethyl, and trifluoromethoxy. 

10 In the compoimds of the present invention, R3 is preferably 

selected from the group consisting of 
hydrogen, 
fluoro, 

trifluoromethyl, 
15 aryl, 

Cl-S alkyl, 
arylCl-6 alkyl 

hydroxyl, 
0x0, 

20 arylaminocarbonyl, 

aryl Ci-5 alkylaminocarbonyl, 

aminocarbonyl, and 
aminocarbonyl Cl-G alkyl. 

25 More preferably, R3 is selected from the group consisting of 

fluoro, 
aryl, 

Ci-8 alkyl, 
arylCl-6 alkyl 
30 hydroxyl, 
0x0, and 

arylaminocarb onyl . 

In the compoimds of the present invention, R"* is preferably 
35 selected from the group consisting of 
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hydrogen, 
aryl, 

C3.8 cydoalkyl, 
Cl-8alkyl, 
5 Cl-8 alkylcarbonyl, 

axylcarbonyl, 
Cl-6 alkylsulfonyl, 

arylsulfonyl, 
arylC l-Salkylsulfonyl, 
10 arylCl-Salkylcarbonyl, 

C l-Salkylaminocarbonyl, 
arylCl-Salkylaminocarbonyl, 
arylCl-galkoxycarboiiyl, and 
C i-galkoxycarbonyl. 

15 

More preferably, is selected from the group consisting of 
hydrogen, 
Ci-8 alkyl, 
Cl-8 alkylcarbonyl, 

20 arylcarbonyl, 

arylC i-6alkylcarbonyl, 
Cl-6 alkylsulfonyl, 

arylsulfonyl, and 
arylC i-6alkylsulfonyl. 

25 _ 

In one embodbnent of the present invention, and R6 are 

each independently selected from the group consisting of 

hydrogen, 

aryl, 

30 Ci-8 alkyl, 

aryl-C=C-(CH2)t-, 
aryl Cl-6 alkyl, 
CH2=CH-(CH2)t-, and 
HC=C-(CH2)t-. 
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In a class of this embodiment of the present invention, IS 
hydrogen and is selected from the group consisting of 
hydrogen, 
aryl, 

5 Ci-8 alkyl, 

aryl-C^-(CH2)t-, 
aryl Cl-6 alkyl, 
CH2=CH-(CH2)t-, and 

HC^-(CH2)t-. 

10 In a subclass of this class of the present invention, 

and are each hydrogen and R^ is selected from the group consisting 
of 

hydrogen^ 
aryl, 

15 Cl-8 alkyl, 

aryl-C=C-(CH2)t-, 
aryl Cl-S alkyl, 
CH2=CH-(CH2)t-, and 
HOC-(CH2)t-. 

20 In another embodiment of the present invention, R*^ and R^ 

are each independently selected from the group consisting of 
hydrogen, 
aryl, 

Cl-S alkylcarbonylamino, 
25 arylcarbonylamino, 

Cl-S alkylsulfonylamino, 

arylsulfonylamino , 
Cl-8 alkylsulfonylamino Cl-6 alkyl, 
arylsulfonylamino Cl-6 alkyl, 
30 aryl Cl-e alkylsulfonylamino, 

aryl Cl-6 alkylsulfonylamino Cl-6 allgrl, 
Cl-S alkoxycarbonylamino, 
Cl-8 alkoxycarbonylamino Cl-S alkyl, 
aryloxycarbonylamino Cl-8 alkyl. 
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aryl Ci-8 alkoxycarbonylamino, 

aryl Ci-8 alkoxycarbonylamino Ci-8 alkyl, 

Ci^ alkylcarbonylamino Ci-6 alkyl, 

arylcarbonylamino Ci-6 alkyl, 
5 aryl Ci-6 alkylcarbonylamino, 

aryl Ci-6 alkylcarbonylamino Ci-6 alkyl, 

aminocarbonylamino Ci-6 alkyl, 

(Ci-8 alkyl)paminocarbonylamino, 

(Cl-S alkyl)paminocarbonylamino Ci-G alkyl, 
10 (aryl)paminocarbonylamino Ci-6 alkyl, 

(aryl Cl-8 alkyl)paminocarbonylamino, 

(aryl Cl.8 alkyl)paminocarbonylamino Cl-6 alkyl, 

aminosulfbnylamino Ci-6 alkyl, 

(Cl-8 alkyl)paminosulfonylamino, 
15 (Cl-8 alkyl)paminosxalfonylairdno Ci-6 alkyl, 

(aryl)paminosiilfonylamino Ci_6 alkyl, 

(aryl Cl-8 alkyDpaminosulfonylamino, 

(aryl Cl-8 alkyl)paminosulfonylamino Ci-6 alkyl, 

Ci-6 alkylthiocarbonylamino, 
20 Ci-6 alkylthiocarbonylamino Ci-6 alkyl, 

arylthiocarbonylamino Ci-S alkyl, 

aryl Cl-6 alkylthiocarbonylamino, and 

aryl Ci-e alkylthiocarbonylamino Ci-G alkyl. 

25 In a dass of this embodiment of the present invention, r8 

hydrogen and B7 is selected from the group consisting of consisting of 
hydrogen, 
aryl, 

Ci.8 alkylcarbonylamino, 
30 aryl Ci-G alkylcarbonylamino, 

arylcarbonylamino, 
Cl-8 alkylsulfonylamino, 
aryl Cl-6 alkylsxolfonylamino, 
arylsulfonylamino , 
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Ci-g alkoxycarbonylamino, 
aryl Ci-g alkoxycarbonylamino, 
arylaminocarbonylaminq, 
(Cl-8 alkyl)paimnocarbonylamino, 
5 (aryl Ci-S alkyl)paminocarbonylamino, 

(Ci-8 alkyl)paminosiilfonylainino, and 
(aryl Ci-8 alkyl)paminosulfonylamino. 

In a subclass of this dass of the present invention, R^, R^, 
and R8 are each hydrogen and R^ is selected from the group consisting 
10 of 

hydrogen, 
aryl, 

Cl-S alkyicarbonylamino, 
aryl Ci-6 alkyicarbonylamino, 

15 arylcarbonylamino, 

Ci-8 alkylsulfonylamino, 
aryl Ci-6 alkylsxalfonylamino, 

arylsulfonylamino , 

Cl-8 alkoxycarbonylamino, 
20 aryl Cl-8 alkoxycarbonylamino, 

aryl amino carb onylamino , 

(Cl-8 alkyDpaminocarbonylamino, 

(aryl Cl-8 alkyDpaminocarbonylamino, 
(Ci.8 alkyDpgoninosiilf onylamino, and 
25 (aryl Ci.8 alkyDpaminosiilf onylamino. 

In the compounds of the present invention, R^ is preferably 
selected from the group consisting of hydrogen, methyl, and ethyl. 

More preferably, R^ is hydrogen. 
30 In the compounds of the present invention, R^^^ r11, r12^ 

and R13 are preferably each independently selected from the group 
consisting of hydrogen, aryl, Ci.6 alkyl, and arylCi-e alkyl. 

In the compoimds of the present invention, m is preferably 
an integer from 0 to 4, and more preferably from 0 to 3. 
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In the compounds of the present invention, n is preferably 
an integer from 0 to 4, more preferably from 0 to 3. 

In the compounds of the present invention, r is preferably 

an integer from 1 to 2. 
5 In the compounds of the present invention, s is preferably 

an integer from 0 to 2. 

In the compounds of the present invention, t is preferably 
an integer from 0 to 2, more preferably from 0 to 1. 

In the compounds of the present invention, v is preferably 0. 
^0 In certain embodiments of the present invention, the 

compounds correspond to the formulas with the following designated 
stereochemistry at the carbon atom where R^and R6 are attached: 



15 




, and 



R5 
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wherein the substituents X, Y, Z, R1, R2, r3, r4, r5^ r6^ r7^ r8, r9^ 
rIO^ r11, r12^ and R13 and the subscripts a, m, n, p, r, s, t, and v are as 

described above. 

Illustrative but nonlimiting examples of compounds of the 
5 present invention that are usefiil as integrin receptor antagonists are 
the following: 

3(S)-(2,3-Dihydro-benzofuran-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahy^^ 
[l,8]naphthyridin-2-yl)-propyl]-iinidazolidin-l-yl}-propionic acid, 

10 

3(R)-(2,3-Dihydro-beiizofuran-6-yl)-3-{2-oxo-3-[3-(5,6J,8-tetrahy^^^ 
[l,8]naphthyridin-2-yl)-propyl]-imidazolidin-l-yl}-propionic acid, 

3-(2,3-Dihydro-benzofiiran-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahy^ 
15 [l,8]naphthyridin-2-yl)-propyll-inudazolidin-l-yl}-propionic acid, 

3(S)-(3-Ruorophenyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridLn- 
2-yl)-propyl]-iniidazolidin-l-yl}-propionic add, 

20 3(R)-(3-Fluorophenyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin- 

2- yl)-propyl]-ixiiidazolidin- l-yl}-propionic acid, 

3- (3-Ruorophenyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphtJiyridin-2- 
yl)-propyl]-imidazolidin-l-yl}-propionic acid, 

25 

3(S)-(Quinolin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyri^^ 
yl)-propyl]-imidazolidin-l-yl}-propionic add, 

3(RHQuinolin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin^ 
30 yl)-propyl]-imida2olidin-l-yl}-propionic add, 

3-(Quinolin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-y^^ 
propyl]-imidazolidin-l-yl}-propionic add. 
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3(S>-(Ethynyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)- 
propyl]-imidazolidin- l-yl}-propionic acid, 

, 3(R)-(Ethynyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[i,8]iiaphthyridin-2-yl)- 
5 propyl]-iimdazolidin-l-yl}-propionic acid, 

3-(Ethynyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)- 
propyl]-iimdazolidin-l-yl}-propiomc acid, 

10 3(S>(Pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2- 
yl)-propyl]-imidazolidin- 1-yl} -propionic add, 

3(R)-(Pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]iiaphthyiidin-2- 
yl)-propyl]-imidazolidin- l-yl}-propionic acid, 

15 

3-(Pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetraliydro-[l,8]naphthyridiii-2-yl)- 
propyl]-imidazolidin-l-yl}-propiomc acid, 

3(S>(Pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2- 
20 yl)^propyl]-4-methyl-iimdazolidin-l-yl}-propiomc acid, 

3(R)-(Pyridiii-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2- 
yl)-propyl]-4-inethyl-iinidazolidin-l-yl}-propioiuc acid, 

25 3-CPyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)- 
propyl]-4-methyl-iinidazolidin-l-yl}-propionic add, 

3(SH6-Methoxypyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 

[1 ,8]naphthyridin-2-yl)-propyl]-imidazolidin- l-yll-propionic add, 

30 . 

3(R)-(6-Methoxypyiidin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-iinidazolidin-l-yl}-propiomc add. 
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3-(6-Methoxypyridinr3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrah^^ 
[l,8]naphthyridin-2-yl)-propyl]-iinidazolidin- l-yD-propionic acid, 

3(S)-(6-Ethoxypyridin-3-yl)-3-{2-oxo-3-[3-(5,6J,8-tiBtr^ 
5 [l,8]naphth3nddin-2"yl)-propyl]-ii3ndazolidin-l-yl}-propiomc acid, 

3(R>(6-Ethoxypyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrah 
[l,8]naphth3nddin-2-yl)-propyl]-iiiiidazolidin-l-yl}-propioiiic acid, 

0 3-(6-Ethoxypyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 

[l,8]naphthyridin-2-yl)-propyl]-imidazolidin-l-yl}-propionic acid, 
trifluoroacetate salt, 

3(S)-(4-Methoxyqmnolin-7-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahyd^^ 
5 [l,8]naphtli3nidin-2-yl)-propyl]-iimda2olidin-l-yl}-propionic acid, 
bis(trifluoro acetate) salt, 

3(R)-(4-Methoxyquinolin-7-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetraliydro- 
[l,8]naphthyridin-2-yl)-propyl]-iraidazolidin-l-yl}-propionic acid, 

0 

3-(4:-Methoxyquinolin-7-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-iinida2olidin-l-yl}-propiomc acid, 

3(S)-(6-Ainmo-pyridia-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahy^^ 
5 [l,8]naphth3nddin-2-yl)-propyl]-iiiudazoUdin-l-yl}-propioiu acid, 

3(R)-(6-Airdno-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-iimdazolidin-l-yl}-propionic add, 

0 3-(6-Ainino-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 

[l,8]naphth3nidin-2-yl)-propyl]-imidazolidin-l-yl}-propionic acid, 

3-(S)-(4-Methyl-3-oxo-3,4-dihydro-2H-benzo[l,4]oxa!rin-7-yl)-3-^ [3- 
(5,6,7,8-tetrahydro-[l,8]iiaphthyridin-2-yl)-propyl]-iimda2oKdin-l-^^ 
5 propionic acid, 
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3-(R)-(4-Methyl-3-oxo-3,4-dihydro-2H-benzo[l,4]oxazin-7-yl)-3-{2-oxo-3- [3- 
(5,6,73-tetrahydro-[l,8]naphthyridin-2-yl)-propyl]-iimda^oHdin-l-yl}- 
propionic add, 

5 

3-(4-Methyl-3-oxo-3,4-dihydro-2H-ben2o[l,4]oxazin-7-yl)-3-{2-oxo-3- [3- 
(5,6,7,8-tetrahydro-[l,8]naphthyiidin-2-yl)-propyl]-imidazolidin-l-yl)- 
propionic acid, 

10 3(S)-(6-Methylaiinno-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-iinidazolidin-l-yl}-propionic acid, 

3(R)-(6-Methylanmxo-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-iimdazolidin-l-yl}-propiomc acid, 

15 

3-(6-Methylaiiiino-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-imidazolidiii-l-yl}-propionic acid, 

3(S)-(2-Fluoro-biphenyl-4-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
20 [l,8]napthyridin-2-yl)-propyl]-imidazolidin-l-yl}-propionic acid, 

3(R)-(2-Fluoro-biphenyl-4-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]napthyridin-2-yl)-propyl]-imidazoIidin-l-yl}-propioiiic acid, 

25 3-(2-Fluoro-biphenyl-4-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 

[l,8]napthyridin-2-yl)-propyl]-imidazolidixi-l-yl}-propioiiic add, 

3(S)-(2-Oxo-2,3-dihydro-ben20xa2:ol-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]napthyridin-2-yl)-propyl]-iimdazolidin-l-yl}-propionic add, 

30 . 

3(R)-(2-Oxo-2,3-dihydro-benzoxazol-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]napthyridin-2-yl)-propyl]-imidazolidin-l-yl}-propiomc add, 

3-(2-Oxo-2,3-dihydro-beiizoxazol-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
35 [l,8]napthyridin-2-yl)-propyl]-imidazolidiii-l-yl)-propioiuc add, 
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3(S)-(4-Ethoxy-3-fluorophenyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]napthyridin-2-yl)-propyl]-iimdazolidin-l-yl}-propiomc add, 

5 3(R)-(4-Ethoxy-3-fluorophenyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]napthyridin-2-yl)-propyl]-imidazolidin-l-yl}-propioiiic acid, 

3-(4-Ethoxy-3-fluorophenyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]napthyridin-2-yl)-propyl]-imidazoKdin-l-yl}-propiomc acid, 

0 

3(S)-(5-Ethoxy-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-imidazolidiii-l-yl}-propionic acid, 

3(R)-(5-Ethoxy-pyridiQ-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
.5 [l,8]naphthyridin-2-yl)-propyl]-imidazolidin-l-yl}-propiomc acid, 

3-(6-Ethoxy-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-imidazolidin-l-yl}-propionic acid, 

'JO 3(S)-(5-Hydroxy-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 

[l,8]naphthyridin-2-yl)-propyl]-iimdazolidin-l-yl}-propionic acid, 

3(R)-(5-Hydroxy-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyTidiii-2-yl)-propyl3-imidazolidin- l-yl}-propionic acid, 

55 

3-(5-Hydroxy-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphth3rridin-2-yl)-propyl]-iinidazolidin-l-yl}-propiomc acid, 

2(S)-Benzenestilfonylamino-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
JO . [l,8]iiaphthyridin-2-yl)-propyl]-iimda2olidin-l-yl}-propioiuc acid, 

3(S)-{2-Oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)-propyl]- 
iinidazolidin-l-yl}-pent-4-enoic acid. 
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3(R)-{2-Oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridiii-2-yl)-propyl]- 
iimdazolidin-l-yl}-pent-4-enoic acid, 

3-{2-axo-3-C3r(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)-propyl]- 
5 imidazolidin-l-yl}-pent-4-eiioic acid, 

3(S)-(5-Ethoxy-pyridin-3-yl)-3-(3-{3-[6-(4-inethoxy-benzylaimno)-pyridiii-2- 
yl]-propyl}-2-oxo-iiiiidazolidiii-l-yl)-propionic add, 

10 3(R)-(5-Ethoxy-pyridin-3-yl)-3-(3-{3-[6-(4-methoxy-benzylamino)-pyridin-2- 
yl]-propyl}-2-oxo-imidazolidin- l-yl)-propionic add, 

3-(5-Ethoxy-pyrTdin-3-yl)-3-(3-{3-[6-(4-methoxy-benzylaniino)-pyridin-2-yl]- 
propyl}-2-oxo-imidazolidin-l-yl)-propiomc add, 

15 

3-{3-[3-(6-Aimiio-pyridin-2-yl)-propyl]-2-oxo-iimdazolidin-l-yl}-3(S)-(5- 
ethoxy-pyridin-3-yl)-propionic add, 

3-{3-[3-(6-Aimno-pyridin-2-yl)-propyl]-2-oxo-iinidazolidin-l-yl}-3(R)-(5- 
20 ethoxy-pyridin-3-yl)-propionic add, 

3-{3-[3-(6-Aimno-pyridin-2-yl)-propyl]-2-oxo-iimdazolidin-l-yl}-3-(5- 
ethoxy-pyridin-3-yl)-propiomc add, 

25 3(S)-(2-Oxo-2,3-dihydro-lH-4-oxa-l,5-diaza-naphthalen-7-yl)-3-{2-oxo-3-[3- 
(5,6,7,8-tetrahydro-[l,8]iiaphthyridin-2-yl)propyl]-inudazolidin-l- 

yDpropionic add, 

3(R)-(2-Oxo-2,3-dihydro-lH-4-oxa-l,5-diaza-naphthalen-7-yl)-3-{2-oxo-3-[3- 
30 (5,6,7,8-tetraliydro-[l,8]iiaphthyridiii-2-yl)propyl]-iinidazoKdin-l- 

yDpropionic add, 

3-(2-Oxo-2,3-dihydro-lH-4-oxa-l,5-diaza-naphthalen-7-yl)-3-{2-oxo-3-[3- 
(5,6,7,8-tetrahydro-[l,8]naphtliyridin-2-yl)propyl]-iinidazolidin-l- 

35 yDpropionic add, 
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3(S>(2,3-Dihydro-lH-4-oxa-l,5-diaza-naphthalen-7-yi)-3-{2-oxo-3-[3- 
(5,6J,8-tetrahydro-[l,8]naphthyridin-2-yl)propyl]-iiiiida5:oUdin-l- 

yDpropionic acid, 

5 

3(R>(2,3-Diliydro-lH-4-oxa-l,5-diaza-naphthalen-7-yl)-3-{2-oxo-3-[3- 
(5,6J,8-tetrahydro-[l,8]naphthyridin-2-yl)propyl]-iinidazolidia-l- 
yDpropionic add, 

10 3-(2,3-Dihydro-lH-4-oxa-l,5-diaza-naphthalen-7-yl)-3-{2-oxo-3-[3-(5,6,7,8- 
tetrahydro-[l,8]naphthyridin-2-yl)propyl]-iimdazolidin-l-yl}propiomc 

acid, 

3(S)-(3-Oxo-3,4-dihydro-2H-l-oxa-4,5-diaza-iiaphthalen-7-yl)-3-{2-oxo-3-[3- 
15 (5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)propyl]-imidazolidin-l- 
yl}propionic acid, 

3(R>(3-Oxo-3,4-dihydro-2H-l-oxa-4,5-dia2;a-naphthalen-7-yl)-3-{2-oxo-3-[3- 
(5,6,7,8-tetrahydro-[l,8]naphthyTidin-2-yl)propyl]-iimdazolidin-l- 
20 yDpropionic acid, 

3-(3-Oxo-3,4-dihydro-2H-l-oxa-4,5-diaza-iiaphthalen-7-yl)-3-{2-oxo-3-[3- 
(5,6,7,8-tetrahydro-[l,8]iiaphthyridin-2-yl)propyl]-iimdazolidin-l- 

yDpropionic acid, 

25 

3(S)-(3,4-Dihydro-2H-l-oxa-4,5-diaza-iiaphthalen-7-yl)-3-{2-oxo-3-[3- 
(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)propyl]-imidazolidin-l- 

yDpropionic acid, 

30 3(R)-(3,4-Dihydro-2H-l-oxa-4,5-diaza-iiaphthalen-7-yl)-3-{2-oxo-3-[3- 
(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)propyl]-iinidazolidia-l- 
yDpropionic acid. 
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3-(3,4-Diliydro-2H-l-oxa-4,5-diaza-iiaphthalen-7-yl)-3-{2-oxo-3-[3-(5,6,7,8- 
tetrahydro-[l,8]naphth3rridin-2-yl)propyl]-iimdazolidm-l-yl}propionic 

acid, 

5 3-(Furo[2,3-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 

[l,8]naphthyridin-2-yl)propyl]iinidazolidin-l-yl}propiomc add, 

3(S)-(Furo[2,3-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]iimdazoKdin-l-yl}propiomc acid, 

10 

3(R)-(FTiro[2,3-b]pyridiQ-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]imidazolidin-l-yl}propionic acid, 

3(S)-(2,3-Dihydrofuro[2,3-b]pyridiii-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
15 [l,8]naphthyridiii-2-yl)propyl]iinidazolidin-l-yl}propionic acid, 

3(R)-(2,3-Dihydrofuro[2,3-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[1 ,8]naphthyridin-2-yl)propyl]imidazolidin- l-yDpropionic acid, 

20 3-(2,3-Dihydrofuro[2,3-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]imidazolidiii-l-yl}propiomc acid, 

3(S)-(Furo[3,2-b]pyiidin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]iiaphthyridin-2-yl)propyl]iimdazolidin-l-yl}propionic add, 

25 

3CR)-(Furo[3,2-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]iimdazolidin- l-yl}pr6pionic add, 

3-(Furo[3,2-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
30 [l,8]naphtiiyridin-2-yl)propyl]iinidazolidiii-l-yl}propionic add, 

3(S)-(2,3-Dihydrofiiro[3,2-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetraliydro- 
[l,8]naphtliyridin-2-yl)propyl]iinidazolidin-l-yl}propionic add, 
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3(R)-(2,3-Dihydrofiaro[3,2-b]pyridin-6-yl)-3- {2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]iiiiidazolidin-l-yl)propionic acid, 

3-(2,3-Dihydrofturo[3,2-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
5 [l,8]naphtii3rridin-2-yl)propyl]imidazolidin-l-yl}propioiuc acid, 

3(S)-(Beiiziimdazol-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetraliydro- 
[l,8]naphthyridin-2-yl)propyl]imidazoKdin-l-yl)propionic acid, 

10 3(R)-(Benziniida2ol-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 

[l,8]naphthyridin-2-yl)propyl]iiiiidazolidiii-l-yl)propioiiic acid, 

3-(Benziimdazol-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin- 

2- yl)propyl]imidazolidLn-l-yl)propiomc add, 

15 

3(S)-(lH-Iimdazo[4,5-c]pyridin-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphtliyridin-2-yl)propyl]-iimdazolidiii-l-yl)propionic acid, 

3(R)-(lH-Iimdazo[4,5-c]pyridin-2-yl>3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
20 [l,8]iiaphthyridin-2^yl)propyl]-imidazoKdin-l-yl)propionic acid, 

3- (lH-Imidazo[4,5-c]pyridin-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridiii-2-yl)propyl]-iinidazoKdiii-l-yl)propionic acid, 

25 3(SHBeiizoxazol-2-yl)-3-(2^oxO-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin- 
2-yl)propyl]imidazolidin-l-yl)propionic add, 

3(R)-(Benzoxazol-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]iiaphthyridin- 

2- yl)propyl]iinidazolidin-l-yl)propiomc add, 

30 

3- (Benzoxazol-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridiii-2- 
yl)propyl]iinidazolidiii-l-yl)propiomc add, 

3(S)-(l-Methyl-lH-pyrazol-4-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
35 [l,8]iiaphthyridin-2-yl)propyl]-imidazolidin-l-yl)propioiiic add, 
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3(R)-(l-Methyl-m-pyrazol-4-yl).3-(2-oxo-3-[3-(5,6,7,8-tetrahy^^^ 
[l,8]naphthyridin-2-yl)propyl]-iimda2olidin- l-yl)propionic acid, 

5 3-(l-Methyl-lH-pyra2ol-4-yl>3-(2-oxo-3-[3-(5,6,73-tetraliydro- 
[ 1 ,8]naphthyridin-2-yl)propyl]-iiiiidazolidin- l-yl)propionic add, 

and the pharmaceutically acceptable salts thereof. 

10 Further illxxstrative of the present invention are the 

compounds selected from the group consisting of 

3(S>(2,3-Dihydro-benzofuran-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyTidin-2-yl)-propyl]-imidazolidin-l-yl}-propionic add, 

3(R)-(2,3-Dihydro-ben2o£uran-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tet^ 
[l,8]naphth3nidin-2-yl)-propyl]-imidazolidin-l-yl}-propionic add, 

3(S)-(3-Fluorophenyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin- 
20 2-yl)-propyl]-iinidazolidin-l-yl}-propionic add, 

3(R)-(3-Fluorophenyl)-3-{2.oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin- 
2-yl)-propyl]-imid£izolidin- l-yl}-propionic add, 

25 3(S)-(Quinolin-3-yl>3"{2-oxo-3-[3-(5,6,7,8-tetrahydro413]naphthyridin-2 
yl)-propyl]-imida2olidin-l-yl} -propionic add, 

3(R>(Quinolin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridi^ 
yl)-propyl]-imidazolidin- 1-yl} -propionic add, 

30 

3(S>(Ethynyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)- 
propyl]-imidazoKdin-l-yl)-propionic add, 

3(R)-(Ethynyl)-3-{2.oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)- 
35 pr opyll-imidazoUdin- 1-yl) -propionic add, 
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3(S>(Pyridm-3-yl)-3-{2-oxo-3-[3-(5,6J3-tetrahydro-[l,8]iiaphthyridm-2- 
yl)-propyl]-imidazolidin-l-yl}-propionic add, 

5 3(R)-(Pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2- 
yl)-propyl]-iinidazolidin-l-yl}-propionic add, 

3(S>(Pyiidin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyiidm-2- 
yl)-propyl]-4-methyl-iinidazolidiii-l-yl)-propionic add, 

10 

3(R)-(Pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]iiaphthyridin-2- 
yl)-propyl]-4-methyl-iiiiidazolidin-l-yl}-propioiuc add, 

3(S)-(6-Methoxypyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
15 [l,8]naphthyridiii-2-yl)-propyl]-iimdazolidin-l-yl}-propionic add, 

3(R)-(6-Methoxypyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridm-2-yl)-propyl]-iinidazolidiii-l-yl}-propioiuc add, 

20 3(S)-(6-Ethoxypyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetraliydro- 

[l,8]naphthyridiQ-2-yl)-propyl]-iimdazolidin-l-yl}-propionic add, 

3(R)-(6-Ethoxypyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-imidazolidiii-l-yl)-propiomc add, 

25 

3(S)-(4-Methoxyquinolin-7-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-iimdazolidin-l-yl}-propiomc add, 

bis(trifluoroacetate) salt, 

30 • 3(R)-(4-Methoxyqumolin-7-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-inudazolidui-l-yl}-propioiuc add, 

3(S)-(6-Amiiio-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-iimdazolidin-l-yl)-propiomc add, 
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3(RH6-Ainino-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[13]naphtiiyTidin-2-yl)-propyl]-iimda2oUdin-l-yl}-propiomc add, 

5 3-(S)-(4-Methyl-3-oxo-3,4-dihydro-2H-benzo[l,4]oxazin-7-yl)-3-{2-oxo-3- [3- 
(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)-propyl]-iinida2olidin-l-yl}- 
propionic add, 

3-(R)-(4-Methyl-3-oxo-3,4-dihydro-2H-benzo[l,4]oxazin-7-yl)-3-{2-oxo-3-[3 
10 (5,6,7,8-tetrahydro-[l,8]naphthyridm-2-yl)-propyl]-iimdazolidin-l-yl}- 
propionic add, 

3(S>(6-Methylaimno-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]iiaphthyridin-2-yl)-propyl]-iimdazolidiii-l-yl}-propioiiic add, 

15 

3(R)-(6-Metiiylainino-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphth3nidin-2-yl)-propyl]-imidazolidin-l-yl}-propiomc add, 

3(SK2-Fluoro-biphenyl-4-3d)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
20 -[l,83napthyridin-2-yl)-propyl]-imidazolidin-l-yl}-propiomc add, 

3(R)-(2-Fluoro-biphenyl-4-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]napthyridin-2-yl)-propyl]-imidazolidin-l-yl}-propiomc add, 

25 3(S)-(2-Oxo-2,3-dihydro-benzoxazol-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]iiapthyridin-2-yl)-propyi]-imidazolidin-l-yl}-propionic add, 

3(R)-(2-Oxo-2,3-diliydro-benzoxa2ol-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro 
[l,8]napthyridin-2-yl)-propyl]-imidazolidiii-l-yl}-propiomc add, 

30 

3(S)-(4-Etho^-3-fluorophenyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]napt±iyridin-2-yl)-propyl]-imidazolidin-l-yl}-propioiuc add, 

3(R)-(4-Ethoxy-3-£luorophenyl>3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
35 [l,8]naptli3nddin-2-yl)-propyl]-iinidazplidin-l-yl}-propiomc add, 
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3(S>(5-Etlioxy-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-iimdazolidiii-l-yl)-propionic acid, 

5 3(R>(5-Ethoxy-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7.8-tetrahydro- 

[13]naph11iyTidin-2-yl)-propyl]-iimdazolidin-l-yl}-propioiiic add, 

3(S)-(5-Hydroxy-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphtiiyTidin-2-yl)-propyl]-imida2olidm-l-yl}-propiomc acid, 

10 

3(R)-(5-Hydroxy-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-iinidazolidin-l-yl}-propiomc acid, 

3(S)-{2-Oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)-propyl]- 
15 iimdazolidiii-l-yl}-peiit-4-enoic acid, 

3(R)-{2-Oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)-propyl]- 
iimdazolidin-l-yl}-pent-4-enoic acid, 

20 3(S)-(5-Ethoxy-pyridin-3-yl)-3-(3-{3-[6-(4-methoxy-benzylaiDino)-pyridin-2- 
yl]-propyl}-2-oxo-iinidazolidiii-l-yl)-propioiiic add, 

3(R)-(5-Ethoxy-pyridin-3-yl)-3-(3-{3-[6-(4-methoxy-benzylaimno)-pyridiii-2- 
yl]-propyl}-2-oxo-inuda2olidin-l-yl)-propionic add, 

25 

3-(3-[3-(6-Aimno-pyridin-2-yl)-propyl]-2-oxo-imidazolidiii-l-yl}-3(S)-(5- 
ethoxy-pyridin-3-yl)-propionic add, 

3-{3-[3-(6-Aimno-pyridin-2-yl)-propyl]-2-oxo-iimdazolidin-l-yl}-3(R)-(5- 
30 ethoxy-pyridin-3-yl)-propiomc add, 

3(S)-(2-Oxo-2,3-dihydro-lH-4-oxa-l,5-diaza-naphthalen-7-yl)-3-{2-oxo-3-[3- 
(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)propyl]-imidazolidin-l- 

yllpropionic add, 
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3(R)-(2-Oxo-2,3-dihydro-lH-4-oxa-l,5-diaza-naphthalen-7-yl)-3-{2-oxo-3-[3 
(5,6,7,8-tetrahydro-[l,8]naphthyridia-2-yl)propyl]-iinidazolidin-l- 
yDpropionic acid, 

5 3(S)-(2,3-Dihydro-lH-4-oxa-l,5-dia2a-iiaphthalen-7-yl)-3-{2-oxo-3-[3- 
(5,6J3-tetrahydro-[l,8]naphthyridin-2-yl)propyl]-iimdazolidin-l- 
yllpropionic acid, 

3(R)-(2,3-Dihydro-lH-4-oxa-l,5-diaza-naphthaleii-7-yl)-3-{2-oxo-3-[3- 
10 (5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)propyl]-iinidazolidin-l- 
yl}propionic acid, 

3(S)-(3-Oxo-3,4-dihydro-2H-l-oxa-4,5-dia2a-naphthalen-7-yl)-3-{2-oxo-3-[3- 
(5,6,7,8-tetrahydro-[l,8]naphthyridiii-2-yl)propyl]-iinidazolidiii-l- 
15 yDpropionic acid, 

3(R)-(3-Oxo-3,4-diliydro-2H-l-oxa-4,5-diaza-naphthalen-7-yl)-3-{2-oxo-3-[3 
(5,6,7,8-tetrahydro-[l,8]iiaphthyridin-2-yl)propyl]-iimdazolidin-l- 
yDpropionic acid, 

20 

3(S)-(3,4-Dihydro-2H-l-oxa-4,5-diaza-naphthalen-7-yl)-3-{2-oxo-3-[3- 
(5,6,7,8-tetrahydro-[l,83naphthyridin-2-yl)propyl]-imid£izolidin-l- 
yUpropionic acid, 

25 3(R)-(3,4-Dihydro-2H-l-oxa-4,5-dia2a-naphthaleii-7-yl)-3-{2-oxo-3-[3- 
(5,6,7,8-tetraliydro-[l,8]naphthyridiii-2-yl)propyl]-iimdazolidin-l- 
yDpropionic acid, 

3(S)-(Furo[2,3-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
30 [l,8]naphthyridin-2-yl)propyl]imidazolidiii-l-yl}propionic acid, 

3(R)-(Fxiro[2,3-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]imidazolidin-l-yl)propionic acid. 
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3(S)-(2,3-Dihydrofuro[2,3-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6J3-tete^ 
[l,8]naphthyridin-2-yl)propyl]imidazoU(iin-l-yl}propiomc acid. 



-3(RM2,3-Dihy(kofkro[2,3-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-^^ 
[l,8]naphthyridin-2-yl)propyl]iinidazoUdin-l-yl}propionic acid, 

3(S)-(Furo[3,2-b]pyridiQ-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]iiaphthyridin-2-yl)propyl]imidazoUdin-l-yl}propiomc acid, 

3(R)-(Furot3,2-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]iimdazoHdin-l-yl}propiomc acid, 

3(SH2,3-Dihydrofuro[3,2-b]pyridin.6-yl>3.{2-oxo-3-[3-(5,6,7,8-tetrahyd^ 
[l,8]naphthyridin-2-yl)propyl]imidazoHdin-l-yl}propiomc acid, 

3(RH2,3-Dihydrofuro[3,2-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetr^ 
[l,8]naphthyridiii-2-yl)propyl]iimdazolidin-l-yl}propionic add, 

3(S)-(Benziimdazol-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]inudazoHdin-l-yl)propiomcacid, 

3(R)-(Beiiziimdazol-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]imidazoUdin-l-yl)propionic acid, 

3(S)-(lH-Imidazo[4,5-c]pyridiii-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]-iimdazoUdin-l-yl)propiomc acid, 

3(R)-(lH-Imidazo[4,5-c]pyridin-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]-iniidazoUdin-l-yl)propiomc acid, 

■ 3(S)-(Benzoxazol-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin- 
2-yl)propyl]imidazolidin-l-yl)propionic add, 

3(R).(Benzoxazol-2-yl).3-(2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin- 
2-yl)propyl]imidazolidin-l-yl)propiomc add, 
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3(S)-(l-Methyl-lH-pyrazol-4-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]-imidazolidin-l-yl)propionic acid, 

5 3(R)-(l-Methyl-lH-pyrazol-4-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[1 ,8]naphthyridin-2-yl)propyl]-iimda2olidin- l-yDpropionic acid, 

and the pharmaceutically acceptable salts thereof. 

1Q Yet further illustrative are the compotinds 

3(S>(2,3-Dihydro-beiizofuran-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyiidin-2-yl)-propyl]-imidazolidiii-l-yl}-propionic acid, 

15 3(S)-(Quinolin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]iiaphthyridin-2- 
yl)-propyl]-iimdazolidin-l-yl}-propiomc acid, 

3(S)-(Pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2- 
yl)-propyl]-iimdazolidin-l-yl}-propiomc acid, 

20 

3(S)-(6-MethoxypyTidin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridui-2-yl)-propyl]-iinidazolidiii-l-yl}-propiomc acid, 

3(S)-(6-EthoxypyridiQ-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
25 [l,8]naphthyTidin-2-yl)-propyl]-inudazolidin-l-yl}-propionic acid, 

3(S)-(4-Methoxyquinolin-7-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyTidiii-2-yl)-propyl]-iimdazolidin-l-yl}-propionic add, 

bis(trifluoroacetate) salt, 

30 

3(S)-(6-Methylaimno-pyridiii-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridia-2-yl)-propyl]-imidazolidin-l-yl}-propionic add, 

3(S)-(4-Ethoxy-3-fluorophenyl)-3-{2.oxo-3-[3-(5,6,7,8-tetrahydro- 
35 [l,8]napthyTidin-2-yl)-propyl]-imidazolidin-l-yl}-propionic add, 
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[13]naphthyridin-2-yl)propyl]imida2oUdin-l-yl}propiomc acid, 

3(SHFuro[3,2-b]pyridm-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[13]naphtliyridin-2-yl)propyl]iimda2olidin-l-yl}propionic acid, 

3(S)-(Beiiziinidazol-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridiii-2-yl)propyl]iniidazoHdin-l-yl)propiomc acid, 

3(SMBeiizoxazol-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]iiaphthyridin^ 
2-yl)propyl]iniidazolidin-l-yl)propiomc add, 

and the pharmaceutically acceptable salts thereof. 

For use in medicine, the salts of the compounds of this 
invention refer to non-toxic "pharmaceutically acceptable salts." Other 
salts may, however, be useful in the preparation of the compounds 
according to the invention or of their pharmaceutically acceptable salts. 
Salts encompassed within the term "pharmaceutically acceptable salts- 
refer to non-toxic salts of the compounds of this invention wHch are 
.generally prepared by reacting the free base with a suitable organic or 
inorganic add. Representative salts include the following: acetate, 
benzenesulfonate, benzoate, bicarbonate, bisulfete, bitartrate, borate, 
bromide,.caldum, camsylate, carbonate, chloride, clavulanate, dtrate, 
dihydrochloride, edetate, edisylate, estolate, esylate, fumarate, 
gluceptate, gluconate, glutamate, glycoUylarsanilate, hexylresordnate, 
hydrabamine, hydrobromide, hydrodiloride, hydroxynaphthoate, iodide, 
isothionate, lactate, lactobionate, laurate, malate, maleate, mandelate, 
mesylate, methylbromide, methylnitrate, methylsulfate, mucate, 
napsylate, nitrate, N-methylglucamine ammonium salt, oleate, oxalate, 
pamoate (embonate), palmitate, pantothenate, phosphate/diphosphate, 
polygalacturonate, saUcylate, stearate, sulfate, subacetate, sucdnate, 
tannate, tartrate, teodate, tosylate, triethiodide and valerate. 
Furthermore, where the compounds of the invention carry an addic 
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moiety, suitable pharmaceutically acceptable salts thereof may include 
allrali metal salts, e.g., sodium or potassium salts; alkaline earth metal 
salts,^ e.g., calcium or magnesium salts; and salts formed with suitable 
organic ligands, e.g., quaternary ammoniimi salts. 
5 The compoimds of the present invention can have chiral 

centers and occur as racemates, racemic mixtures, diastereomeric 
mixtures, and as individual diastereomers, or enantiomers with all 
isomeric forms being included in the present invention. Therefore, 
where a compound is chiral, the separate enantiomers or 

10 diastereomers, substantially free of the other, are included within the 
scope of the invention; fiarther included are all mixtures of the two 
enantiomers. Also included within the scope of the invention are 
polymorphs and' hydrates of the compoimds of the instant invention. 

The present invention includes within its scope prodrugs of 

15 the compoimds of this invention. In general, such prodrugs will be 
functional derivatives of the compounds of this invention which are 
readily convertiblei/i vivo into the required compound. Thus, in the 
methods of treatment of the present invention, the term "administering" 
shall encompass the treatment of the various conditions described with 

20 the compound specifically disclosed or with a compound which may not 
be specifically disclosed, but which converts to the specified compound in 
vivo after administration to the patient. Conventional procedures for the 
selection and preparation of suitable prodrug derivatives are described, 
for example, in "Design of Prodrugs," ed. H. Bundgaard, Elsevier, 1985, 

25 which is incorporated by reference herein in its entirety. MetaboKtes of 
these compounds include active species produced upon introduction of 
compounds of this invention into the biological milieu. 

The term "therapeutically effective amount" shall mean 
that amount of a drug or pharmaceutical agent that will ehcit the 

30 biological or medical response of a tissue, system, animal or human that 
is being sought by a researcher or dirdcian. 

The term "integrin receptor antagonist," as used herein, 
refers to a compound which binds to and antagonizes either the avp3 
receptor, the avp5 receptor, or the ccvpS receptor, or a compound which 
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binds to and antagonizes combinations of these receptors (for example, a 
dual (rvP3/avP5 receptor antagonist). , , 

The term "bone resorption," as used herein, refers to the 
process by which osteoclasts degrade^bone. 

The term "alkyl" shall mean straight or branched cham 
alkanes of one to ten total carbon atoms, or any number >^thin this 
range (i.e., methyl, eihyl, 1-propyl, 2.propyl. n-butyl, s-butyl, t-butyl, 

The term "^alkenyl" shall mean straight or branched chain 
alkenes of two to ten total carbon atoms, or any number within this 

The term "alkynyl" shall mean straight or branched chain 
alkynes of two to ten total carbon atoms, or any number within this 

The term "cycloalkyl" shaU mean cyclic rings of alkanes of 
three to eight total carbon atoms, or any nmnber within this range (x e 
SopropJ, cydobuiyl, cyclopentyl. cydohexyl, cydoheptyl or 

The term "cycloheteroalkyl," as used herein, shaU mean a 
3- to 8-membered fuUy saturated heterocydic ring containing one or two 
heteroatoms dxosenfromN, O or S. Examples of cydoheteroalkyl 
groups indude, but are not hmited to piperidinyl, pyrrohdmyl, 
azetidinyl, morphoHnyl, piperazinyl. .„u+ 

The term "alkoxy," as used herein, refers to straight or 
brandxed dxain alkoxides of the number of carbon -^^-^^P^f^^^^"^ ' 
Ci 5 alkoxy), or any number within this range (i.e., methoxy, ethoxy. 



25 

etc.) 



The term "aryl," as used herein, refers to a monocycUc or 
polycydic system comprising at least one aromatic ring, wherem the 
LnocyHc or polycycUc system contains 0, 1. 2, 3, or 4 ^^eteroaton^ 
30 diosen from N. O, or S, and wherein the monocylic or polycyhc system is 
■ either unsubstituted or substituted with one or more groups 
independently selerted from hydrogen, halogen, Cl-10 alkyl, C3-8 
cycloalkyl, aryl. aiyl Cl-S alkyl, amino, amino Cl-S alkyl. 01-3 
fcyl^o, C1.3 acylamino Cl-8 alkyl, Cl-S alkylamino. Ci 6 alkylamino 
35 Cl-S alkyl, Ci.6 dialkylamino, Cl-B dialkylamino-Cl-8 alkyl, C1.4 alkoxy. 
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Ci^ alkoxy Ci-6 alkyl, hydroxycarbonyl, hydroxycarbonyl Ci-6 alkyl, Ci- 
5 alkoxycarbonyl, Ci-3 alkoxycarbonyl Ci-G alkyl, hydroxycarbonyl Ci-6 
alkyloxy, hydroxy, hydroxy Ci-6 alkyl, cyano, trifluoromethyl, oxo or Ci- 
5 all^^lcarbonyloxy. Examples of aryl include, but are not limited to, 
5 phenyl, naphthyl, pjnnldyl, pyrazinyl, p3nrimidinyl, imidazolyl, 

benzimidazolyl, benzthiazolyl, benzoxazolyl, indolyl, thienyl, furyl, 
pyrryl, pyrazolyl, dihydrobenzofiiryl, ben2o(l,3) dioxolane, oxazolyl, 
isoxazolyl and thiazolyl, which are either unsubstituted or substituted 
with one or more groups independently selected from hydrogen, 

10 halogen, Ci-io alkyl, C3.8 cycloalkyl, aryl, aryl Ci-8 alkyl, amino, amino 
Ci-S alkyl, C1-3 acylamino, C1-3 acylamino Ci-8 alkyl, Ci-e alkylamino, 
Cl-6 alkylamino-Ci-8 alkyl, C1.6 dialkylamino, Ci-6 dialkylamino Ci-8 
alkyl, Ci-4 alkoxy, C1-4 alkoxy Ci-6 alkyl, hydroxycarbonyl, 
hydroxycarbonyl Ci-6 alkyl, C1-5 alkoxycarbonyl, C1-3 alkoxycarbonyl 

15 Ci-6 alkyl, hydroxycarbonyl Ci-6 alkyloxy, hydroxy, hydroxy Cl-6 alkyl, 
cyano, trifluoromethyl, 0x0 or C1-5 alkylcarbonyloxy. Preferably, the 
aryl group is unsubstituted, mono-, di-, tri- or tetra-substituted with one 
to foiu" of the above-named substituents; more preferably, the aryl group 
is unsubstituted, mono-, di- or tri-substituted with one to three of the 

20 above-named substituents; most preferably, the aryl group is 

imsubstituted, mono- or di-substituted with one to two of the above- 
named substituents. 

Whenever the term "alkyl" or "aryl" or either of their prefix 
roots appears in a name of a substituent (e.g., aryl Co-8 alkyl), it shall be 

25 interpreted as including those limitations given above for "alkyl" and 
"aryl." Designated numbers of carbon atoms (e.g., Ci-io) shall refer 

independently to the number of carbon atoms in an alkyl or cyclic alkyl 
moiety or to the alkyl portion of a larger substituent in which alkyl 
appears as its prefix root. 
30 . The terms "arylalkyl" and "alkylaryl" include an alkyl 

portion where alkyl is as defined above and to include an aryl portion 
where aryl is as defined above. Examples of arylalkyl include, but are 
not limited to, benzyl, fluorobenzyl, chlorobenzyl, phenylethyl, 
phenylpropyl, fluorophenylethyl, chlorophenylethyl, thienylmethyl. 
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thienylethyl, and thienylpropyl. Examples of alkylaryl include, but are 
not limited to, toluene, ethylbenzene, propylbenzene, methylpyridine, 
ethylpyridine, propylpyiidine and butylpyridine. 

In the compounds of the present invention, two 
5 substituents, when on the same carbon atom, can be taken together with 
the carbon to which they are attached to form a carbonyl group. 

In the compoimds of the present invention, two R3 
substituents, when on the same carbon atom, can be taken together with 
the carbon atom to which they are attached to form a carbonyl group. In 
10 such instances, the limitation, that in the resxiltant compound the 
carbon atom or atoms to which R3 is attached is itself attached to no 
more than one heteroatom, does not apply. Also, in the compoimds of 
the present invention, two substituents, when on the same carbon 
atom, can be taken together with the carbon atom to which they are 
15 attached to form a cydopropyl group. 

In the compounds of the present invention, 

r5 and R6 

can 

be taken together with the carbon atom to which they are attached to 
form a carbonyl group. In such instances, the Umitation, that in the 
resultant compound the carbon atom at which R5 and R^ is attached is 

20 itself attached to no more than one heteroatom, does not apply. 

When substituents R^ and R^ include the definition Co (e.g., 
Co-8 alkyl), the group modified by Co is not present in the substituent 
when C is zero. Similarly, when any of the variables m, n, t, or v, is 
zero, then the group modified by the variable is not present; for example, 

25 when t is zero, the group "-(CH2)tC=CH" is "-C^CH". In addition, the 
substituent "(Cl-6 alkyDpamino" where p is zero, one or two, refers to an 
amino, Cl-6 alkylamino and Cl-G dialkylamino group, respectively. 
When a Cl-6 dialkylamino substituent is intended, the Cl-6 alkyl groups 

can be the same (e.g., dimethylamino) or different (e.g., 
30 N(CH3)(CH2CH3)). SimUarly, the substituent "(aryl)pamino" or ["(aiyl 
Cl-6 alkyl)pamino'^, where p is zero, one or two, refers to an amin o, 
arylamino and diarylamino group, [or an amino, aryl Cl-6 alkylamino 
or di-(aryl Cl-e alkyDamino] respectively, where the aiyl [or aryl Cl-6 
alkyl] groups in a diarylamino [or di-(aryl Ci-e alkyDamino] substituent 
35 can be the same or different. 
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In the compounds of the present invention, R^^ and R^^ can 
be taken together with the carbon atoms to which they are attached to 
form a 5- to 7-membered monocyclic aromatic or nonaromatic ring 
system having 0, 1, 2, 3, or 4 heteroatoms selected from the group 
5 consisting of N, O, and S wherein said 5- to 7-membered monocylic 
aromatic or nonaromatic ring system is either unsubstituted or 
substituted with one or more R^ substituents. 

The term "halogen" shall include iodine, bromine, 
chlorine, and fluorine, 
10 The term "oxy" means an oxygen (O) atom. The term "thio" 

means a sulfur (S) atom. The term "oxo" means "=0." The term 
"carbonyF means "C=0." 

The term "substituted" shall be deemed to include multiple 
degrees of substitution by a named substitutent. Where multiple 
15 substituent moieties are disclosed or claimed, the substituted compoxmd 
can be independently substituted by one or more of the disclosed or 
claimed substituent moieties, singly or plurally. By independently 
substituted, it is meant that the (two or more) substituents can be the 
same or dLBferent. 

20 Under standard nonmenclature used throughout this 

disclosure, the terminal portion of the designated side chain is described 
first, followed by the adjacent functionality toward the point of 
attachment. For example, a Ci-5 alkylcarbonylamino Ci-6 alkyl 

substituent is equivalent to 

O 
II 

25 -C^^ alkyl-NH-C-Ci.5 alkyl . 

In choosing compotmds of the present invention, one of 
ordinary skUl in the art will recognize that the various substituents, i.e. 
X, Y, Z, Rl, R2, r3, r4, r5, r6 r7, r8, r9, rIO, r11, r12, and R13 and 

the subscripts m, n, p, r, s, t, and v are to be chosen in conformity with 
30 well-known principles of chemical structure connectivity. 

Representative compounds of the present invention t3Tpically 
display submicromolar affinity for the integrin receptors, particularly 
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the ocvpS, avp5, and/or avp6 receptors. Compounds of this invention are 
therefore useful for treating mammals suffering from a bone condition 
caused or mediated by increased bone resorption, who are in need of 
such therapy. Pharmacologically effective amounts of the compoimds, 
5 including pharamaceutically acceptable salts thereof, are administered 
to the mammal, to inhibit the activity of mammalian osteoclasts. 

The compounds of the present invention are administered 
in dosages effective to antagonize the avp3 receptor where such 
treatment is needed, as, for example, in the prevention or treatment of 
10 osteoporosis. 

Further exemplifying the invention is the method wherein 
the integrin receptor antagonizing effect is an avp3 antagonizing effect. 
An illustration of the invention is the method wherein the avps 
antagonizing effect is selected from inhibition of bone resorption, 
15 restenosis, angiogenesis, diabetic retinopathy, macular degeneration, 
inflammation, viral disease, txmior growth, or metastasis. Preferably, 
the avP3 antagonizing effect is the inhibition of bone resorption. 

An example of the invention is the method wherein the 
integrin receptor antagonizing effect is an avps antagonizing effect. 
20 More specifically, the avp5 antagonizing effect is selected from inhibition 
of restenosis, angiogenesis, diabetic retinopathy, macular degeneration, 
inflammation, tumor growth, or metastasis. 

Illustrating the invention is the method wherein the 
integrin receptor antagonizing effect is a dual avp3/ocvp5 antagonizing 
25 effect. More particularly, the dual avp3/ocvp5 antagonizing effect is 
selected from inhibition of bone resorption, restenosis, angiogenesis, 
diabetic retinopathy, macular degeneration, inflammation, viral 
disease, tumor growth, or metastasis. 

Illustrating the invention is the method wherein the 
30 . integrin receptor antagonizing effect is an ocvps antagonizing effect. 
More particularly, the ocvpS antagonizing effect is selected from 
inhibition of angiogenesis, inflammatory response, or wotmd healing. 

Illustrating the invention is the method wherein the avp3 
antagonizing effect is selected from inhibition of bone resorption. 
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inhibitLon of restenosis, inhibition of angiogenesis, inhibition of diabetic 
retinopathy, inhibition of macular degeneration, inhibition of 
atherosclerosis, inflammation, viral disease, or inhibition of tumor 
growth or metastasis. Preferably, the ocvps antagonizing effect is the 
5 inhibition of bone resorption. 

More particularly illustrating the invention is a 
pharmaceutical composition comprising any of the compounds 
described above and a pharmaceutically acceptable carrier. Another 
example of the invention is a pharmaceutical composition made by 

10 combining any of the compounds described above and a 

pharmaceutically acceptable carrier. Another illustration of the 
invention is a process for making a pharmaceutical composition 
comprising combining any of the compounds described above and a 
pharmaceutically acceptable carrier. 

15 Further illustrating the invention is a method of treating 

and/or preventing a condition mediated by antagonism of an integrin 
receptor in a mammal in need thereof, comprising administering to the 
mamTnal a therapeutically effective amount of any of the compounds 
described above. Preferably, the condition is selected from bone 

20 resorption, osteoporosis, restenosis, diabetic retinopathy, macular 
degeneration, angiogenesis, atherosclerosis, inflammation, viral 
disease, cancer, tumor growth, and metastasis. More preferably, the 
condition is selected from osteoporosis and cancer. Most preferably, the 
condition is osteoporosis, 

25 More specifically exemplifying the invention is a method of 

eliciting an integrin antagonizing effect in a mammal in need thereof, 
comprising administering to the mammal a therapeutically effective 
amoxmt of any of the compounds or any of the pharmaceutical 
compositions described above. Preferably, the integrin antagonizing 

30 effect is an avp3 antagonizing effect; more specifically, the avpS 
antagonizing effect is selected fix>m inhibition of bone resorption, 
inhibition of restenosis, inhibition of atherosclerosis, inhibition of 
angiogenesis, inhibition of diabetic retinopathy, inhibition of macular 
degeneration, inhibition of inflammation, inhibition of viral disease, or 

35 inhibition of tumor growth or metastasis. Most preferably, the ccvp3 
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antagonizing effect is inhibition of bone resorption. Alternatively, the 
integrin antagonizing eflFect is an ccvp5 antagonizing effect, an ccv(i6 
antagonizing effect, or a mixed ccvp3, cevps, and avp6 antagonizing 
-effect. Examples of ocvps antagonizing effects are inhibition of 
5 restenosis, atherosclerosis, angiogenesis, diabetic retinopathy, macidar 
degeneration, inflammation, viral disease, or tumor growth. Examples 
of dual avP6 antagonizing effects are inhibition of angiogenesis, 
inflammatory response and wound healing. 

Additional examples of the invention are methods of 
10 inhibiting bone resorption and of treating and/or preventing osteoporosis 
in a mammal in need thereof, comprising administering to the 
manmial a therapeutically effective amount of any of the compoxmds or 
any of the pharmaceutical compositions described above. 

Additional illiistrations of the invention are methods of 
15 treating hypercalcemia of malignancy, osteopenia due to bone 

metastases, periodontal disease, hj^erparathyroidism, periarticular 
erosions in rheumatoid arthritis, Paget's disease, inunobilization- 
induced osteopenia, and glucocorticoid treatment in a mammal in need 
thereof, comprising administering to the mammal a therapeutically 
20 effective amount of any of the compounds or any of the pharmaceutical 
compositions described above. 

More particularly exemplifying the invention is the use of 
any of the compounds described above in the preparation of a 
medicament for the treatment and/or prevention of osteoporosis in a 
25 mammal in need thereof. Still further exemplifying the invention is the 
use of any of the compoimds described above in the preparation of a 
medicament for the treatment and/or prevention of bone resorption, 
tumor growth, cancer, restenosis, atherosclerosis, diabetic retinopathy, 
macular degeneration, inflammation, viral disease, and/or 
30 angiogenesis. 

Also exemplifying the invention are compositions further 
comprising an active ingredient selected from the group consisting of 
a.) an organic bisphosphonate or a pharmaceuticaUy 
acceptable salt or ester thereof, 
35 b.) an estrogen receptor modulator, 
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a cytotoxic/antiproliferative agent, 
a matrix metalloproteinase inhibitor, 
an inhibitor of epidermal-derived, fibroblast-derived, or 
platelet-derived growth factors, 
an inhibitor of VEGF, 

an inhibitor of Flk-l/KDR, Flt-1, TckyTie-2, or Tie-1, 
a cathepsin K inhibitor; and 

a prenylation inhibitor, such as a famesyl transferase 
inhibitor or a geranylgeranyl transferase inhibitor or a dtxal 
famesyl/geranylgeranyl trsmsferase inhibitor; 
and mixtures thereof. 
(See, B. Millauer et al., *T>ominant-Negative Inhibition of Flk-1 
Suppresses the Growth of Many Tmnor Types in Vivo", Ganger 
Research. 56, 1615-1620 (1996), which is incorporated by reference herein 

15 in its entirety). 

Preferably, the active ingredient is selected from the group 

consisting of: 

a.) an orgsmic bisphosphonate or a pharmaceuticaUy 
acceptable salt or ester thereof, 
20 b.) an estrogen receptor modulator, and 

c.) a cathepsin K inhibitor; and mixttires thereof. 

Nonlimiting examples of such bisphosphonates include 
alendronate, etidronate, pamidronate, risedronate, ibandronate, and 
pharmaceuticaUy acceptable salts and esters thereof. A particularly 
25 preferred bisphosphonate is alendronate, especially alendronate 
mono sodium trihydrate. 

Nonlimiting examples of estrogen receptor modtilators 
include estrogen, progesterin, estradiol, droloxifene, raloxifene, and 
tamoxifene. 

30 Nonlimiting examples of cytotoxic/antiproliferative agents 

are taxol, vincristine, vinblastine, and doxorubicin. 

Cathepsin K, formerly known as cathepsin 02, is a cysteine 
protease and is described in PCT International Application Pubhcation 
No. WO 96/13523, pubHshed May 9, 1996; U.S. Patent No. 5,501,969, 

35 issued March 3, 1996; and U.S. Patent No. 5,736,357, issued April 7, 1998, 
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all of which are incorporated by reference herein in their entirety. 
Cysteine proteases, specifically cathepsins, are linked to a number of 
disease conditions, such as tximor metastasis, inflammation, arthritis, 
and bone remodeling. At addic pITs, cathepsins can degrade type-I 

5 collagen. Cathepsin protease inhibitors can inhibit osteoclastic bone 
resorption by inhibiting the degradation of collagen fibers and are thus 
useful in the treatment of bone resorption diseases, such as osteoporosis. 

The present invention is also directed to combinations of the 
compounds of the present invention with one or more agents useful in 

10 the prevention or treatment of osteoporosis. For example, the 

compoimds of the instant invention may be effectively administered in 
combination with effective amounts of other agents such as an organic 
bisphosphonate,- an estrogen receptor modulator, or a cathepsin K 
inhibitor. 

15 Additional illustrations of the invention are methods of 

treating timior growth in a mammal in need thereof, comprising 
administering to the mammal a therapeutically effective amount of a 
compound described above and one or more agents known to be 
cjrtotoxic/antiproliferative. Also, the compounds of the present invention 

20 can be administered in combination with radiation therapy for treating 
ttamor growth and metastasis. 

In addition, the integrin ccvpS antagonist compoimds of the 
present invention may be effectively administered in combination with a 
growth hormone secretagogue in the therapeutic or prophylactic 

25 treatment of disorders in calcium or phosphate metabolism and 
associated diseases. These diseases include conditions which can 
benefit fi:om a reduction in bone resorption. A reduction in bone 
resorption should improve the balance between resorption and 
formation, reduce bone loss or result in bone augmentation. A reduction 

30 in bone resorption can alleviate the pain associated with osteolytic 

lesions and reduce the incidence and/or growth of those lesions. These 
diseases include: osteoporosis (including estrogen deficiency, 
immobihzation, glucocorticoid induced and senile), osteodystrophy, 
Paget's disease, myositis ossificans, Bechterew's disease, malignant 

35 hypercalcemia, metastatic bone disease, periodontal disease, 
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cholelithiasis, nephrolithiasis, xirolithiasis, urinary calculus, 
hardening of the arteries (sclerosis), arthritis, bursitis, neuritis and 
tetany. Increased bone resorption caxi be accompanied by pathologically 
high calcium and phosphate concentrations in the plasma, which would 
5 be alleviated by this treatment. Similarly, the present invention would be 
useful in increasing bone mass in patients with growth hormone 
deficiency. Thixs, preferred combinations are simultaneous or 
alternating treatments of an avp3 receptor antagonist of the present 
invention and a growth hormone secretagogue, optionally including a 

10 third component comprising an organic bisphosphonate, preferably 
alendronate monosodixim trihydrate. 

In accordance with the method of the present invention, the 
individual components of the combination can be administered 
separately at diJBFerent times during the course of therapy or 

15 concurrently in divided or single combination forms. The instant 

invention is therefore to be understood as embracing all such regimes of 
simultaneous or alternating treatment, and the term "administering" is 
to be interpreted accordingly. It will be understood that the scope of 
combinations of the compounds of this invention with other agents 

20 useful for treating integrin-mediated conditions includes in principle 
any combination with any pharmaceutical composition useful for 
treating osteoporosis. 

As used herein, the term "composition" is intended to 
encompass a product comprising the specified ingredients in the 

25 specified amounts, as well as any product which resiilts, directly or 

indirectly, firom combination of the specified ingredients in the specified 
amounts. 

The compounds of the present invention can be 
admirdstered in such oral dosage forms as tablets, capsules (each of 

30 which includes sustained release or timed release formvdations), pills, 
powders, granules, elixirs, tinctures, suspensions, sjnrups and 
emulsions. Likewise, they may also be administered in intravenous 
(bolus or infusion), intraperitoneal, topical (e.g., ocular eyedrop), 
subcutaneous, intramuscular or transdermal (e.g., patch) form, all 

35 using forms well known to those of ordinary skill in the pharmaceutical 
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arts. An effective but non-toxic amount of the compound desired can be 
employed as an avp3 antagonist. 

The dosage regimen utilizing the compounds of the present 
invention is selected in accordance with a variety of factors including 

5 type, species, age, weight, sex and medical condition of the patient; the 
severity of the condition to be treated; the route of administration; the 
renal and hepatic function of the patient; and the particular compound 
or salt thereof employed. An ordinarily skilled physician, veterinarian 
or clinician can readily determine and prescribe the effective amount of 

10 the drug required to prevent, coimter or arrest the progress of the 
condition. 

Oral dosages of the present invention, when used for the 
indicated effects; will range between about 0.01 mg per kg of body weight 
per day (mg/kg/day) to about 100 mg/kg/day, preferably 0.01 to 10 

15 mg/kg/day, and most preferably 0.1 to 5.0 mg/kg/day. For oral 

administration, the compositions are preferably provided in the form of 
tablets containing 0.01, 0.05, 0.1, 0.5, 1.0, 2.5, 5.0, 10.0, 15.0, 25.0, 50.0, 100 
and 500 milHgrams of the active ingredient for the symptomatic 
adjustment of the dosage to the patient to be treated. A medicament 

20 typicafly contains from about 0.01 mg to about 500 mg of the active 
ingredient, preferably, from about 1 mg to about 100 mg of active 
ingredient. Intravenously, the most preferred doses will range from 
about 0.1 to about 10 mg/kg/minute during a constant rate infusion. 
Advantageously, compoxmds of the present invention may be 

25 administered in a single daily dose, or the total daily dosage may be 
administered in divided doses of two, three or four times daily. 
Furthermore, preferred compounds for the present invention can be 
administered in intranasal form via topical use of siaitable intranasal 
vehicles, or via transdermal routes, using those forms of transdermal 

30 skin patches weU known to those of ordinary skill in the art. To be 

administered in the form of a transdermal deHvery system, tiie dosage 
administration will, of course, be continuous rather than intermittent 
throughout the dosage regimen. 

In the methods of the present invention, the compoiinds 

35 herein described in detail can form the active ingredient, and are 
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t5rpically administered in admixture with suitable pharmaceutical 
diluents, excipients or carriers (collectively referred to herein as 
'carrier' materials) suitably selected with respect to the intended form of 
administration, that is, oral tablets, capsules, elixirs, syrups and the 
5 like, and consistent with conventional pharmaceutical practices. 

For instance, for oral administration in the form of a tablet 
or capsule, the active drug component can be combined with an orsil, 
non-toxic, pharmaceutically acceptable, inert carrier such as lactose, 
starch, sucrose, glucose, methyl cell\ilose, magnesium stearate, 

10 dicalcixmi phosphate, calcium sulfate, mannitol, sorbitol and the like; 
for oral administration in Uquid form, the oral drug components can be 
combined with any oral, non-toxic, pharmaceutically acceptable inert 
carrier such as ethanol, glycerol, water and the like. Moreover, when 
desired or necessary, suitable binders, lubricants, disintegrating agents 

15 and coloring agents can also be incorporated into the mixture. Suitable 
binders include starch, gelatin, natural sugars such as glucose or beta- 
lactose, com sweeteners, natural and synthetic gums such as acacia, 
tragacanth or sodivun alginate, carbox3nQaethylcellulose, polyethylene 
glycol, waxes and the like. Lubricants used in these dosage forms 

20 include soditim oleate, sodiimi stearate, magnesiimi stearate, sodium 
benzoate, sodirun acetate, sodium chloride and the like. Disintegrators 
include, without limitation, starch, methyl cellulose, agar, bentonite, 
xanthan gum and the like. 

The compounds of the present invention can also be 

25 administered in the form of hposome delivery systems, such as small 
unilamellar vesicles, large unilamellar vesicles and multilamellar 
vesicles. Liposomes can be formed from a variety of phosphoUpids, such 
as cholesterol, stearylamine or phosphatidylcholines. 

Compounds of the present invention may also be dehvered 

30 by the use of monoclonal antibodies as individual carriers to which the 
compound molecules are coupled. The compoimds of the present 
invention may also be coupled with soluble polymers as targetable drug 
carriers. Such pol3nners can include polyvinylpyrroHdone, pyran 
copolymer, polyhydroxjqjropylmethacrylamide-phenol, polyhydroxy- 

35 ethylaspartamide-phenol, or polyethyleneoxide-polylysine substituted 
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with palmitoyl residues. Furthermore, the compounds of the present 
invention may be coupled to a class of biodegradable polymers useful in 
achieving controlled release of a drug, for example, polylactic acid, 
polyglycoUc add, copolymers of polylactic and polyglycolic add, 
polyepsilon caprolactone, polyhydroxy butyric add, polyorthoesters, 
polyacetals, polydihydropyxans, polycyanoacrylates and crosslinked or 
amphipathic block copoljoners of hydrogels. 



10 sjrmbols and 
AcOH: 
BH3-DMS: 

BOC(Boc): 
BOP: 

15 

CBZ(Cbz): 
GDI: 
CH2CI2: 
CH3CN: 
20 CHCI3: 

DBA: 

DEAD: 

DIAD: 

DIBAH or 
25 DIBAL-H: 

DIPEA: 

DMAP: 

DME; 

DMF: 
30 DMSO: 

DPPF: 

DPFN: 

EDO: 

EtOAc: 
35 EtOH: 



In the schemes and examples below, various reagent 
abbreviations have the following meanings: 
Acetic add, 

Borane • dimethylsxilfide. 

' t-Butyloxycarbonyl. 

Benzotriazol-l-yloxytris(dimethylamino)- 

phosphoniiim hexafluorophosphate. 

Carbobenzyloxy or benzyloxycarbonyL 

Carbonyldiimidazole . 
Methylene chloride. 

Acetordtrile 
Chloroform. 

Bis(dibenzylidene)acetone. 
Diethyl azodicarboxylate. 
Diisopropyl azodicarboxylate. 

Diisobutylaluminum hydride. 

Diisopropylethylamine. 

4-Dimethylaminopyridine . 

1,2-Dimethoxyethane. 

Dimethylf ormamide . 

Dimethylsulfoxide . 

l,r-bis(diphenylphosphino)ferrocene. 

3,5-Dimethyl-l-pyTazolylformamidine nitrate. 

l-(3-Dimethylaminopropyl)-3-ethylcarbodiimide •HCl 

Ethyl acetate. 

Ethanol. 



- 82 



wo 99/31099 



PCTAJS98/26568 



XlUAC. 


AC6U.C 3.C1CL. 


XlUAl . 


i-xiycuTOxy* /-sizs.Deiizounazoi.e 


XlUl5l . 


x-xxyciroxyx3 enzo un Azoie . 




1 S U D U by 1 wXlI O X U 1 U X^lJJ.cl l#6 




I^t^Qllim (XLlSUpFUpyiallllCLc;. 


JVLeLrJtl. 


ivi e LxidJioi • 


IVLiVJLLN VJT 






'Pth P"hVi vl a mi n ft . 


JN JVLJVl. 


IN -iiietiiyiiiioz^iioiiiie. 


lrOA*xlUl: 


Pyrazole carboxanudiiie hydrochloride. 




ir smaoii i m on cicuLVciteci ccltuoh cdi/diybi/. 




ir nsiiyi. 


^T»c; A 
ploA 


p-x oiiieiiesuj.ionic a.cia. 


TEA: 


Triethylami n e . 


TFA: 


Trifluoroacetic acid. 


THF: 


Tetrahydrofuran. 


TLC: 


Thin Layer Chromatography. 


TMEDA: 


N,N,N',N'-Tetramethylethylenediainine. 


TMS: 


Trimethylsilyl. 



20 The novel compoxinds of the present invention can be 

prepared according to the procediire of the following schemes and 
examples y using appropriate materials and are further exemplified by 
the following specific examples. The compounds illustrated in the 
examples are not, however, to be construed as forming the only genxis 

25 that is considered as the invention. The following examples fiirther 
illustrate details for the preparation of the compounds of the present 
invention. Those skilled in the art will readily understand that known 
variations of the conditions and processes of the following preparative 
procedures can be used to prepare these compounds. All temperatures 

30 are degrees Celsius imless otherwise noted. 

The following Schemes and Examples describe procedures 
for making representative compounds of the present invention. 
Moreover, by utilizing the procedures described in detail in PCT 
International Apphcation PubUcation Nos. WO95/32710, pubhshed 7 

35 December 1995, and W095/17397, published 29 June 1995, both of which 
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are incorporated by reference herein in their entirety, in conjunction 
with the disclosure contained herein, one of ordinary skill in the art can 
readily prepare additional compounds of the present invention claimed 
herein. Additionally, for a general review describing the sjnathesis of 
5 P^alanines which can be utiHzed as the C-terminus of the compounds of 
the present invention, see Cole, D.C., Recent Stereoselective Synthetic 
Approaces to ^ Amino Acids, Tetrahedron, 1994, 50, 9517-9582; Juaristi, 
E, et aLy Enantioselective Synthesis of P-Amino Acids, Aldrichimica 
Acta, 1994, 27, 3. In particular, S3nathesis of the 3-methyl-P-alanine is 

10 taught in Duggan, M.F. et al, J. Med. Chem., 1995, 38, 3332-3341; the 3- 
ethynyl-P-alanine is taught in Zablodd, J.A., et al., J. Med. Chem,, 1995, 
38, 2378-2394; the 3-(pyridin-3-yl)-p.alanine is taught in RLco, J.G. et aL, 
J. Org. Chem., 1993, 58, 7948-7951; and the 2-amino- and 2-tosylamino-p- 
alanines are taught in Xue, C-B, et aL, Biorg, Med. Chem. Letts., 1996, 

15 6, 339-344. The references described in this paragraph are all also 
incorporated by reference herein in their entirety. 
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SCHEME 1 




OH 



Br 




Et 
OEt 




Et 
OEt 



Br 



NaH, DMF 




Br 



PPA, PhMe 




1 -4 C02Et 



Me 



Ethyl Acrylate, 
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1 -BrQmo-3-f 2.2-diethoxv-ethoxv)-benzene (1-2) 

To a suspension of NaH (2.77 g, 115.6 mmol) in DMF (100 
mL) at O'^C was added a solution of 3-bromophenol il in DMF (40 mL) 
over 40 min. After the addition was complete, the solution was stirred 
5 for an additional 30 min. The solution was then treated with neat 
bromoacetaldehyde diethyl acetal (17.36 g, 115.6 mmol). The solution 
was heated at 100°C for 8 h, cooled to room temperature, and extracted 
with Et20 (3 X 200 mL). The combined organic extracts were washed 
with 10% aq. NaOH (100 mL) and brine (100 mL), dried over MgS04, 
10 filtered and concentrated to give 1-2 as a yellow oil. 
TLC Rf = 0.4 (10% ethyl acetate/hexanes). 

IH NMR (300 MHz, CDCI3) 5 7.19-7.05 (m, 3H), 6.85 (d, IH), 4.81 (t, IH, 
J=6.8 Hz), 3.99 (d, 2H, J=6,8 Hz), 3.71 (m, 4H), 1.22 (t, 6H, J=7.1 Hz) 

15 fi-Bromo-benzofur ari (1-3) 

To a solution of the acetal 1:2 in toluene (200 mL) was added 

polyphosphoric acid (20 g). The biphasic mixtxxre was heated to 100°C 

and stirred at this temperature for 4 h. The mixture was cooled to room 

temperature, potared onto ice, and extracted with Et20 (2 x 200 mL). The 
20 combined organic extracts were washed with satixrated aq. NaHCOs and 

brine. The solution was dried over MgS04, filtered, and concentrated. 

The residue was purified by flash chromatography (100% hexanes) to 

give the product as a yellow oil. 

TLC Kf = 0.3 (100% hexanes). 
25 IH NMR (300 MHz, CDCI3) 5 7.68 (s, IH), 7.60 (d, IH, J=2.1 Hz), 7.46 (d, 

IH, J=8.4 Hz), 7.36 (dd, IH, J=8.1, 1.5 Hz), 6.75 (dd, IH, J=:7.1, 0.9 Hz). 

3-Benzofinran-6-vl-acrvlic acid ethvl ester (1-4) 

A mixture of the 6-bromo-ben2ofiiran iS (1.74 g, 8.79 

30 mmol), ethyl aciylate (1.09 g, 10.98 mmol), Pd(0Ac)2 (0.099 g, 0.44 

mmol), tri-o-tolylphosphine (0.268 g, 0.880 mmol), and sodiimi acetate 
(3.60 g, 43.9 mmol) in DMF (10 mL) was heated to 100°C in a sealed tube 
for 4 h. The mixture was cooled to room temperature, diluted with 
water, and extracted with Et20 (2 x 40 mL). The combined organic 

35 extracts were washed with brine (30 mL), dried over MgS04, filtered, 
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and concentrated. The residue was purified by flash chromatography 
(10% ethyl acetate/hexanes) to give the ester as an off-white soHd. 
TLC Rf = 0.3 (10% ethyl acetate/hexanes). 

iH NMR (300 MHz, 0003) 5 7.78 (d, IH, J=15.9 Hz), 7.68 (d, IH, J=2.4 
5 Hz), 7.66 (s, IH), 7.59 (d, IH, J=8.4 Hz), 7.43 (dd. IH, J=9.0, 1.5 Hz), 6.78 
(m, IH), 6.47 (d, IH, J=15.9 Hz), 4.27 (q, 2H, J=7.2 Hz), 1.34 (t, 3H, J=7.2 
Hz). 

3(S)-Benzofuran-6-yl-3-[benzyl-(l(R)-phenethyl)-anuno]-propiomc 

10 acid ethvl ester (1-5) 

A solution of N-benzyl-a-(R)-niethylbenzylainine (1.32 g, 6.30 

mmol) in THF (25 mL) at 0°C was treated with n-BuLi (2.52 mL of a 2.5 M 
soln in hexanes>. The resulting solution was stirred at 0°C for 30 min 
and then cooled to -78°C. A solution of acrylate 14 (0.681 g, 3.15 mmol) in 

15 THF (5 mL) was added. After stirring for 15 min at -78°C, satd. aq. 

NH4CI soln (5 mL) was added and the cold bath removed. The mixture 
was warmed to room temperature and extracted with Et20 (2 x 40 mL). 
The combined organic extracts were washed with brine (30 mL), dried 
over MgS04, filtered, and concentrated. The residue was purified by 

20 flash chromatography (10% ethyl acetate/hexanes) to give the |3- 
aminoester 1^ as a yellow oil. 
TLC Rf = 0.8 (10% ethanol/dichloromethane). 

IH NMR (300 MHz, CDCI3) 5 7.58 (m, 3H), 7.41 (m, 2H), 7.22 (m, 9H), 7.59 
(s, IH), 4.58 (m, IH), 4.05 (m, IH), 3.91 (q, 2H, J=7.1 Hz), 3.72 (m, 2H), 
25 2.62 (m, 2H), 1.21 (d, 3H, J=7.2 Hz), 1.03 (t, 3H, J=7. 1 Hz). 

.^fP;'>-ATninfv..^-f9. .^-Hihvdro-benzofiiran-6-vl) -prnT>ionic atnd ethvl ester 
(1-6) 

A mixture of the dibenzylamine (1.19 g, 2.78 mmol) in 
EtOH/H20/AcOH (26 mL/3 mL/1.0 mL) was degassed with argon and 
treated with Pd(0H)2 (1.19 g). The mixture was placed tinder 1 atm of 
H2- After stirring for 18 h, the mixture was diluted with EtOAc, and 
filtered through celite. The filtrate was concentrated and the residue 
purified by flash chromatography (10% ethyl acetate/dichloromethane) to 
give the ester 1:6 as a white soUd. 
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TLC Rf = 0.25 (10% ethanoydichloromethane). 

iH NMR (300 MHz, CD3OD) as the trifluoroacetate salt: 5 7.25 (d, IH, 
J=8.1 Hz), 6.88 (m, IH), 7.66 (s, IH), 6.82 (s, IH), 4.58 (m, 3H), 4.12 (m, 
2H), 3.30 (m, IH), 3.19 (m, 2H), 2.98 (m, 2H), 1.11 (t, 3H, J=7.2 Hz). 

SCHEME 2 




OH + HCl-m^ 
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HCl(g) 



aq. NaHCOa 
COCl2,CH2Cl2 - 



NaOH 




4-Oxo-pentanoic acid methoxv-meth vl-amide (2-1) 

To a stirred solution of lewQinic add (30 g, 0.258 mol) in 
5 CHCI3 (850 mL) at O^C was added trietiiylamine (43.2 mL, 0.310 mol), 

followed by isobutyl chlorofonnate (37 mL, 0.284 mol) over 15 minutes. 
• After 30 minutes, triethylamine (57.6 mL, 0.413 mol) was added, followed 
by N,0-dimethylhydroxylamine hydrochloride (37.8 g, 0.387 mol) in 5 
portions over 5 minutes. Vigorovis bubbling ensued, and the mixture 
10 was allowed to warm to RT and stirred for 1 h. The mixture was 

reduced to a moist soHd by rotary evaporation under reduced pressure, 
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slurried in 500 mL EtOAc, washed with 10% K2CO3, brine, and dried 
over Na2S04. Evaporative removal of the solvent gave 2J, as a yellow oil. 
TLC Rf = 0.42 (silica,!: 1 diloroform/ethyl acetate). 

iH NMR (300 MHz, CDCI3) 5 3.74 (s, 3H), 3.18 (s, 3H), 2.65-2.95 (m, 4H), 
5 2.21 (s,3H). 

N-methoxv-N-methvl-3-f2-methvl-ri.31dioxolan-2-vl)-p ''"pi»TiaTniHp (9.-2) 
To a solution of 2i (38 g, 0.239 mol) in 500 mL benzene was 
added ethylene glycol (17.3 mL, 0.310 mol) and p-toluenesulfomc add (1 
10 g). The mixture was heated at reflux for 2 h with azeotropic removal of 
water. After cooling, the solution was washed with 200 mL sat. 
NaHCOs, brine, and dried over Na2S04. Evaporative removal of the 

solvent gave 2:^ as a yellow oil. 
TLC Rf = 0.62 (silica, ethyl acetate). 
15 IH NMR (300 MHz, CDCI3) 5 3.95 (m, 4H), 3.68 (s, 3H), 3.17 (s, 3H), 2.51 
(t, 2H, J=8 Hz), 2.00 (t, 3H, J=6 Hz) 1.33 (S, 3H). 

.^-f 2-Methvl- n ■31dioxolan-2-vlVpropionaldehvde (2-3) 

To a solution of 2^ (44.74 g, 0.22 mol) in 400 mL THF at 

20 -78'*C was added DIBAL (264 mL 1 M in hexanes, 0.264 mol) over 10 

minutes. After stirring for 1 h, 350 ml of 1.0 M Rochelle's salt and 300 
ml ether were added followed by the removal of the cooling bath. After 
stirring for 1 h, the organic portion was separated and dried over 
Na2S04. Evaporative removal of the solvent gave 2:3 as a colorless oil. 

25 TLC Rf= 0.80 (silica, ethyl acetate). 

iH NMR (300 MHz, CDCI3) 5 9.73 (s, IH), 3.50 (d, IH, J=16 Hz), 2.61 (d, 
IH, J=21 Hz), 2.48 (m, IH), 2.07 (t, IH, J= 7H), 1.33 (s, 3H). 

r3-f2-Methvl-ri.31dioxQlan -2-vlVpropv1aTmTin1-i^cetic acid ethvl ester (2-4) 
30 To a solution of 2;^. (31.7 g, 0.22 mol) in 1000 mL 1,2- 

dichloroethane at O^C were added glycine ethyl ester hydrochloride (61.5 
g, 0.44 mol), triethylamine (107 mL, 0.77 mol), and NaB(OAc)3H (65.3 g, 

0.308 mol). The mixture was allowed to warm to RT and stirred for 15 h. 
The mixture was evaporated to one-third its initial volume, diluted with 
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EtOAc and then washed with 10% K2CO3, brine, and dried over Na2S04. 
Following evaporative removal of the solvent, the residue was 
chromatographed (silica gel, 1:1 chloroform/ethyl acetate followed by 5% 
MeOH/ethyl acetate) to give 2:^ as a yellow oil. 
5 TLC Rf = 0.40 (silica, ethyl acetate). 

iH NMR (300 MHz, CDCI3) 5 6.01 (br s, IH), 4.21 (m, 3H), 4.03 (d, IH, J=5 
Hz), 3.93 (m, 4H), 2.62 (t, 2H, J=8 Hz), 1.53-1.67 (m, 4H), 1.29 (m, 6H). 

(Tert-butoxvcarbonvl'-r3-f2-methvl-ri.31dioxolan-2-vl)-pr npyl1-aTnTnn)- 
10 acetic acid ethvl ester (2-5) 

To a solution of M (24 g, 0.104 mol) in 100 mL THF were 
added a trace of DMAP, 20 drops of triethylamine, and BOC2O (23.8 g, 

0.109 mol). After 4 h, evaporative removal of the solvent gave 2:S as a 
colorless oil. 

15 TLC Rf = 0.38 (silica, 30% ethyl acetate/hexane). 

iH NMR (300 MHz, CDCI3, mixture of rotamers) 5 4,22 (m, 3H), 3.93 (m, 
4H), 3.27 (m, 2H), 1.63 (m, 4H), 1.51 (s, 3H), 1.47 (s, 3H), 1.42 (s, 3H), 1.31 
(s, 3H), 1.28 (m, 4H). 

20 fTert-butoxvcarbonvl-f4-oxO'pentv1)-flTTtirio1-acetic acid ethvl ester (2-6) 
To a solution of 2:5 (35 g, 0.1 mol) in 600 mL acetone was 
added p-toluenesulfonic add (1 g). The mixture was heated at reflux for 
2 h. After cooling, the mixture was evaporated to one-fifth its initial 
volume, diluted with EtOAc and then washed with sat. NaHCOs, brine, 

25 and dried over Na2S04, Evaporative removal of the solvent gave 2:6 as a 
yellow oil- 

TLC Rf = 0.31 (silica, 30% ethyl acetate/hexane). 

1H NMR (300 MHz, CDCI3, mixture of rotamers) 5 4.20 (m, 2H), 3.92 (s, 
0.85H), 3.83 (s, 1.15 H), 3.3 (m, 2H), 2.52 (m, 2H), 2.14 (s, 3H), 1.78 (m, 
30 . 2H), 1.51-1.42 (3s, 9H), 1.28 (m, 3H). 

lTert-butoxvcarbonvl-(3-ri,81naphthvridin-2-vl-propvl)- ^rninn]- acetic acid 
ethvl ester (2-7) 
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A solution of 2:fi (28 g, 97.4 mmol), 2-aimiio-3 formylpyridine 
(15.5 g, 127 mmol), proline (11.2 g, 97.4 nmiol) in ethanol (250 mL) was 
heated at reflux for 15 h. After cooling and evaporation, the residue was 
chromatographed (silica gel,- 1:1 chloroform/ethyl acetate) to give 2i7 as a 
5 yellow oil. 

TLC Rf = 0.41 (silica, 70:25:5 chloroform/ethyl acetate/methanol) 
IH NMR (300 MHz, CDCI3) 5 9.09 (m, IH), 8.14 (m, 2H), 7.43 (m, 2H), 4.17 
(q, 2H, 7 Hz), 3.9 (2s, 2H), 3.43 (q, 2H, J=7 Hz), 3.07 (m, 2H), 2.18 (m, 2H), 
1.42 (s, 9H), 1.25 (m, 3H). 

10 

ITert-butoyvcarbonvl-r3-f5.6.7.8-tetrahvdr n-n.R1nap>ithvridin-2-vl)- 

pi-npYll-aTTiinol-acetic add ethvl ester (2-8) 

A solution of M (24.3 g, 65.1 mmol), platinimi oxide (4 g) 

and ethanol (130 mL) wsis stirred imder a baUoon of hydrogen gas for 6 
15 h. Following filtration and evaporation, the residue was 

chromatographed (silica gel, ethyl acetate) to give as a yellow oil. 

TLC Rf = 0.35 (silica, 70:25:5 chloroform/ethyl acetate/methanol) 

iH NMR (300 MHz, CDa3) 5 7.05 (d, IH, J=6 Hz), 6.37 (m, IH), 4.74 (brs, 

IH), 4.18 (q, 2H, J=7 Hz), 3.9 (2s, 2H), 3.32 (m, 4H), 2.63 (m, 2H), 2.51 (m, 
20 2H), 2.72 (m, 4H), 1.43 (m, 9H), 1.26 (m, 3H). 

rfMethoxv-meth Yl-^^^h«Tn Qvn-methv n-r3-f5.6.7.8-tetrahvdro- 
n.8lTiaphthvinHiTi-9.-vn-oropvn-car bamip. ar id tert-but vl ester (2-9) 

To a solution of 2:8 (1.49 g, 3.96 mmol) in ethanol (8 mL) was 

25 added NaOH (4.36 mL IM solution in water, 4.36 mmol). After stirring 
for 1 h at 50°C, HCl (4.75 mL of a IM solution in water, 4.75 mmol) was 
added, and the mixture evaporated to give an oily residue. The residue 
was evaporated from ethanol three times, and then from acetonitrile 
three times, producing a yellow crusty soHd which was dried under a 

30 vacuum of <2 thtti Hg for 2 h. This residue was then slurried in 
chloroform (15 mL), and triethylamine (2.75 mL, 19.8 mmol), N,0- 
dimethylhydroxylamine hydrochloride (0.772 g, 7.92 mmol), HOBT (Ig) 
and EDC (0.91 g, 4.75 mmol) were added. After stirring for 15 h, the 
mixture was evaporated to dryness, the residue slxirried in EtOAc, 
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washed with sat. NaHCOs, brine, and dried over Na2S04. Evaporative 

removal of the solvent gave 2:9 as a yellow oil. 
TLC Rf = 0.49 (silica, 70:25:5 chloroform /ethyl acetate /methanol) 
iH NMR (300 MHz, CDCI3) 5 7.05 (m, IH), 6.38 (m, IH), 4.81 (br s, IH), 
5 3.69, m, 3H), 3.37 (m, 4H), 3.18 (s, 3H), 2.64 (m, 2H), 2.53 (m, 2H), 1.88 (m, 
4H), 1.44 (m, 9H). 

ITert-butoxvcarbonvl-r3-r5,6,7,8-tetrahv dro-ri.81naphthvridin-2-vD- 
pT-npyll-flTniri ol-acetaldehvde (2-9A) 

10 To a stirred solution of 2:^ (H O g, 28.0 mmol) and THF (300 

ml) at -780C was added DIBAL (l.OM/hexanes, 42 ml, 42 mmol) dropwise 
over 20 minutes. After 1.0 hour, 300 ml of 1.0 M Rochelle's salt was 
added followed by the removal of the cooling bath. The mixture was 
stirred for 1.0 hour and then diluted with Et20. After 30 minutes of 

15 stirring, the organic portion was separated and dried over MgS04. 
Evaporative removal of the solvent gave crude aldehyde 2-9A as a 
colorless oil. 

TLC Rf = 0.34 (siHca,75:25:5 chloroform /EtOAc/MeOH). 

20 3fSU2-(Tert-butoxvcarbonvl-r3-(5,6-7,8-tetrahvdro-ri.81naDhthvridin-2- 
y1VprnpYl1-aminn)-fithYlflTTiinnV.q. (2.3-dihvdro-benzofu ran-6-v 
acid ethvl ester (2-10) 

A mixture of the crude aldehyde 2-9A (9.1 mmol), 1-6 (3.2 g, 
11.8 mmol), powdered molecular sieves (3 g) and DCE (100 roL) was 

25 stirred for 30 minutes. The mixture was cooled to OoC and then 

NaB(0Ac)3H (2.7 g, 12.7 mmol) was added. After 1 hour, the reaction 
was diluted with EtOAc and then washed with 10% K2CO3, brine, aud 
dried over MgS04. Following evaporative removal of the solvent, the 
residue was chromatographed (silica gel, 1-3% [10:10:1 EtOH/NH40H/ 

30 H2O]/50:50 chloroform /ethyl acetate) to give 2-10 as a yellow oil. 

' TLC Rf = 0.23 (sihca, 5% [10:10:1 EtOH/ NH40H/ H2O]/50:50 chloroform 
/ethyl acetate) 

iH NMR (300 MHz, CDCI3) 5 7.10 (d, J=7.6 Hz, IH), 7.04 (d, J=7.3 Hz, IH), 
6.75 (m, 2H), 6.31 (d, J=7.3 Hz, IH), 4.76 (s, IH), 4.55 (t, J=8.6 Hz, 2H), 4.08 
35 (m,2H), 4.00 (t, J=6.1 Hz, IH), 3.41 (m, 2H), 3.16 (m, 6H), 2.68 (t, J=6.4 Hz, 
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IH), 2.59 (m, 3H), 2.48 (t, J=7.6 Hz, 2H), 1.81 (m, 4H), 1.39 (s, 9H), 1.21 (m, 
3H). 

.^fRVr2.3-Dihvdro-benzofuran-6-vlV3-f2-r3-r.'^.6.7.8-t etrahvdro- 
5 ri ■81naphthvridin-2-vlVr>roDv 1aTTiinn1-fttTiv1aTriir» ol-propioni c acid ethvl 
ester f2-ll) 

HCl gas was rapidly bubbled through a solution, of 2-10 (4.0 
g, 7.2 mmol) in dioxane (160 ml) at OoC for 10 minutes. After 30 minutes, 
the solution was purged with argon for 30 minutes. The solution was 
10 concentrated to give the amine 2-11 as a yellow solid. 

iH NMR (300 MHz, CDCI3) 5 7.91 (s, IH), 7.40 (d, J=7.0 Hz, IH), 7.23 (d, 

J=7.6 Hz, IH), 7.10 (m,2H), 6.56 (d, J=6.1 Hz, IH), 4.58 (m, 2H), 4.04 
(m,2H), 3.49 (m,-4H), 3.19 (m, 4H), 2.90 (m, 2H), 2.79 (m, 2H), 2.30 (m, 
2H), 1.98(m, 2H), 1.85 (m, 5H), 1.15 (t, J=7.1 Hz, 3H). 

15 

3fSVf2.3-Dihvdro-benzofuran-6-vl)-3-(2-QXO-3-r3-(5 -fi.7.8-tetrahvdro- 
ri.81naphthvridin-2-vl)-propvn-imidazolidin-l-vl}-propionic acid ethvl 
ester (2-12) 

To a stirred mixture of 2-11 (11.8 mmol), CH2CI2 (3 mL) and 
20 ' 20% K2CO3 was added phosgene (1.93 M toluene, 6.7 ml, 13.0 mmol) 
dropwise over 20 xninutes. After stirring for 30 minutes, the organic 
layer was separated and dried over MgS04. Following evaporative 
removal of the solvent, the residue was chromatographed (silica gel, 5- 
10% methanol /ethyl acetate) to give 2-12 as a yellow oil. 
25 TLC Rf = 0.25 (silica, 70:20:10 chloroform /ethyl acetate /methanol) 

iH NMR (300 MHz, CDCI3) 5 7.12 (d, J=7.6 Hz, IH), 7.02 (d, J=7.3 Hz, IH), 
6.80 (d, J=7.6 Hz, IH), 6.70 (s, IH), 6.34 (d, J=7.3 Hz, IH), 5.46 (t, J=7.9 Hz, 
IH), 4.74 (s, IH), 4.55 (t, J=8.9 Hz,2H), 4.10 (q, J=7.3 Hz, 2H), 3.41 (m, 
2H), 3.21 (m, 6H), 2.95 (m,3H), 2.67(t, J=6.1 Hz, 2H), 2.52 (t, J=7.6 Hz, 
30 2H), 1.88 (m, 5H), 1.20 (t, J=:7.3 Hz, 3H). 

.qfSVf2.3-Dihvdro-benzofuran-6-vlV3-(2-oxo-3-r3-(5. fi.7.8-tetrahvdro- 
ri.81naphthvHdir>-2-vl)-propvn- TmiHa7:n1idip-1 -vll -propionic acid (2-13) 
To a solution of 2-12 (2.9g, 6.06 mmol) in EtOH (15 mL) was 
35 added IN NaOH (7.2 ml,7.2 mmol). After stirring for 2 h, the solvents 
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were evaporated and the residue chromatographed (silica gel, 25:10:1:1 
followed by 15:10:1:1 ethyl acetate /EtOH /water /NH4OH) to give 2:1a as a 

white solid. 

TLC Kf = 0.24 (15:10:1:1 ethyl acetate/EtOH/water/NH40H). 
5 IH NMR (300 MHz, CD3OD) 6 7.55 (d, J=7.3 Hz, IH), 7.18 (d, J=7.6 Hz, 
IH), 6.81 (d, J=6.1 Hz, IH), 6.72 (s, IH), 6.62 (d, J=7.3 Hz, IH), 5.38 (t, 
J=7.9 Hz, IH), 4.53 (t, J=8.9 Hz,2H), 3.14 3.53 (9H), 2.97 (m, 3H),2.80 (t, 
J=6.1 Hz, 2H), 2.67 (t, J=7.3 Hz, 2H), 1.93 (m,4H). 
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1 . Pd(OH)2, Hg, 
EtOH, HOAc, HgO 



2. HCI, ether 




2=± 
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SCHEME 3 (CONTINUED) 




2z& 

5 

TCthvl 3-fluQro riTiriaTnfltP (3-2) 

To a solution of 3-fluorobenzaldehyde Bil (18,16 g, 146 mmol) 
in dichloromethane (500 roL) was added ethyl 

10 (triphenylphosphoranylidene)acetate (61.2 g; 176 mmol) and the 

resvdting solution was stirred at room temperature for 18 hr. After 
evaporation of the solvent, the residue was swirled with ether/hexane 
and filtered. The filtrate was concentrated and then purified on a plug of 
silica gel eluting with hexane/EtOAc 9:1. Removal of the solvent 

15 afforded the title compound 3^ as an oil (-95% trans) which was used 
without fiirther pxirification in the next step. 

NMR (300 MHz, CDCI3) 5 1,36 (3H, t), 4.28 (2H, q), 6.43 (IH, d), 7.08 

(IH, m), 7.2.7.4 (3H, m), 7.64 (IH, d). 

20 N-Benzvl-fR)-a-methvlhen2vl-3fS)-fluorophenvl-p-alanine ethyl ester (3-3) 
To a solution of N-ben2yl-(R)-a-methylben2ylamine (33,4 g, 
158 mmol) in THE (450 mL) at O^^C was added n-butyUithimn (1.6M in 
hexanes; 99 mL, 158 mmol). The dark violet solution was stirred at 0°C 
for 30 minutes, cooled to -78°C, and the ester 3-2 (29.2 g, 150 mmol) in 

25 THE (100 mL) was added over 5 minutes. The resulting solution was 
stirred at -78*^0 for 1 hr., then warmed to room temperature. After 2 
hrs, the mixture was poured into water and extracted with EtOAc, 
washed with water, then brine, dried and concentrated in vacuo to give 
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an oil. Column chromatography (silica gel; hexane/EtOAc 1:1 then pure 
EtOAc) gave the title compoimd 3-3 . 

NMR (300 MHz, CDCI3) 5 1.06 (3H, t), 1.28 (3H, d), 2.52 (IH, dd), 2.62 
(IH, dd), 3.66 (IH, d), 3.72 (IH, d), 3.95 (2H, q), 4.44 (IH, dd), 6.95 (IH, m), 
5 7.1-7.5 (13H, m). 

.^fRVFluorophenvl-B-alar^inft athvl ester hyd rochloride (3-4) 

A solution of the N-benzyi-(R)-a-methyibenzylamine 3^ 
(28.2 g, 69.6 mmol) in ethanol (300 mL), acetic acid (30 mL) and water (3 

10 mL) was degassed with argon for 30 minutes. Pd(OH)2 on carbon (20% 
dry weight; 2.6 g) was added and the mixture then stirred under a 
hydrogen atmosphere (balloon) for 2 hoizrs. The mixture was filtered 
through celite and the solvent removed in vacuo to give an oil. This oil 
was dissolved in 200 mL ether, and to this solution was added 60 mL IN 

15 HCn. in ether to yield a precipitate. Filtration and washing the soUd with 
ether/hexane gave the title compound 3=4 as a white solid. 

NMR (300 MHz, CD3OD) 5 1.21 (3H, t), 3.0-3.2 (2H, m), 4.16 (2H, q), 

4.76 (IH, t), 7.2-7.35 (3H, m), 7.5 (IH, m). 

20 .qfSU3-FltinrnphenvlV3-(2-oxo-3-r3-(5.6.7.8-tetrahvd rn-n.fi1nar>hthvridin- 
2-vT)-propvn-i TniHa9:n1idin-1-yn-propiomc acid (3-5) 

Compound was prepared firom 34 using the procedure 
for the preparation of 2-13 . 

TLC Rf = 0.36 (15: 10:1:1 ethyl acetate/EtOH/water/NH40H). 
25 iH NMR (300 MHz, CD3OD) 5 7.41 (m, 2H), 7.09 (m, 3H), 6.54 (d, IH, 

J=8.2 Hz), 5.48 (m, IH), 3.51 (m, 2H), 3.46 (m, 3H), 3.23 (m, 2H), 2.94 (m, 
2H), 2.81 (m, 4H), 2.63 (m, 2H), 1.93 (m, 2H), 1.19 (m, 2H, J=5.1 Hz). 
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SCHEME A 




H 4-3 



Penicillin Amidase 
(EC 3.5.1.11) 
pH = 7.8, HgO 

r 
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^^-Qiiinn1in-3-vl-propionic acid (4-2), 

A solution containing quinoline-3-carboxaldehyde 4il (5 g, 
31.8 mmol), maionic acid (3.6 g, 35.0 mmol), and ammoniixm acetate (5.0 
5 g, 63.6 mmol) in anhydrous ethanol (125 mL) was heated at reflux for 12 
h. After cooling to room temperature, the resulting white soHd was 
collected by filtration and washed with cold ethanol (150 mL) and then 
dried under vacuum to provide 4:2 as a white solid (3.84 g, 17.8 mmol, 
56%). 

10 iH NMR (300 MHz, D2O): 5 8.91 (d, J = 2 Hz IH), 8.21 (d, J = 2 Hz, IH), 
8.12 (d, J = 8 Hz, IH), 7.84 (d, J = 7 Hz, IH), 7.72 (t, J = 7 Hz, IH), 7.54 
(t, J = 7 Hz, 1,H), 4.72 (m, IH), 2.73 (m, 2H). 

a-Phenvlacetyl flTninn-a-qiiinolin-3-vl-propionic (4-3) 
15 A 0°C solution of 4:2 (3.5 g, 16.2 mmol) and NaHCOs (2.7 g, 

32.4 mmol) in 50% aqueous dioxane (100 mL) was treated dropwise with 
a solution of phenylacetyl chloride (3,00 g, 19.4 mmol) in 25 mL of 
dioxane. The restdting solution was stirred at 0*^C for 2.5h., then 
warmed to room temperature, diluted with H2O (50 mL) and washed 

20 with ether (2 x 100 mL). The aqueous layer was adjusted to pH = 3 with 
3N HCl and then extracted with CH2CI2 (3 x 150 mL). The pooled organic 
extracts were dried, filtered and concentrated to afford 4:3 as an oflf- 
white soUd. 

IH NMR (300 MHz, CD3OD): 5 8.85 (d, J = 2 Hz IH), 8.20 (d, J = 2 Hz, IH), 
25 8.00 (d, J = 8 Hz, IH), 7.86 (d, J = 7 Hz, IH), 7.76 (t, J = 7 Hz, IH), 7.52 (t, J 
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= 7 Hz, 13), 7.28 (m, 6H), 5.53 (t, J = 6.8 Hz, IH), 3.57 (s, 2H), 2. 96 (m, 
2H). 

3-(SVQtiinnlin-3-vl-propiomc acid dihv Hrorhloride (4-6) 
5 Add ^ (5.0 g, 15 nunol) was siispended in water (3.5 L), 

then treated with IN NaOH (15 mL) to afford a dear solution. PenidUin 
amidase (Sigma, EC 3.5.1.11, 10,000 U) in 0.1 M phosphate buffer was 
added. The pH of the mixture was adjusted to 7.8 with IN NaOH, and 
the solution was stirred at room temperature for 4 days. The reaction 

10 was monitored periodically by HPLC and the reaction stopped once the 
50% conversion was reached. Next, the reaction solution was cooled to 
0°C and adjusted to pH = 3 with 3N HCl. An oily yellow predpitate 
formed and was -collected by filtration then washed with water to afford 
crude 4^ (1.8 g, 5.3 mmol). The filtrate was extracted with CH2CI2 (3 x 

15 500 mL) to afford additional ^ contaminated by phenylacetic add. Both 
batches of crude 4:5 were combined and stirred in 3 N HCl (200 mL) at 
50° for 12 h., then cooled, washed with ether (2 x 100 mL) and evaporated 
to afford 4:6 . 

20 a-(R)-QiiiTinlin-3-vl-ornpiQmc add ethvl es ter dihvdrochloride (4-7), 

Thfi resolved add 4-6 was converted to M. by refluxing in 
ethanohc HCl. 

IH NMR (300 MHz CD3OD): 5 9.25 (d, J = 2 Hz IH), 8.31 (d, J = 2 Hz, IH), 
8.15 (d, J = 8 Hz, IH), 7.84 (d, J =7 Hz, IH), 7.72 (t, J = 7 Hz, IH), 7.54 (t, J 
25 = 7 Hz, 1,H), 4.72 (m, IH), 4.15 (q, J = 6 Hz, 2H), 2.73 (m, 2H) 1.18 (t, J= 6 
Hz, 3H). 

.q(SWQinnolin-3-vD-3-(2-oxo-3-r3 -(5-6.7.8-tetrabvdro-ri.81naphthvridin-2- 
Yl>-l^i.npvn.imidflzn1idin-l-vl>-propionic add (4-8). 
30 Compoun d 4-8 was prepared firom 4i using the pirocedure 

for the preparation of 2-13 . 

IH NMR (300 MHz, CD3OD) 5 8.83 (m, IH), 8.32 (m, IH), 8.02 (m, 2H), 
7.78 (m, IH), 7.63 (m, IH), 7.43 (d, IH, J=7.3 Hz), 6.57 (d, IH, J=7.3 Hz), 
5.76 (m, IH), 3.73 (q, IH, J=8.2 Hz), 3.48 (m, 3H), 3.32 (m, 4H), 3.17 (m, 
35 2H), 2.95 (m, IH), 2.84-2.62 (, 6H), 2.10 (m, IH), 1.88 (m, 3H). 
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SCHEMES 




I 

X2HCI 7^ O 



OEt 




OH 



10 



3fSVfPvii<Kn-3-vD-3-f2-oxo-3-r3-(5.6. 7.S-tetrahvdrn-ri.R1naohthvridin-2- 
vD-proPY^I-^TTiiHazolidin-l-vll-propionic acid (5-2) 

CompoTin d 5-2 was prepared from ^zL (for preparation, see 
Zablocki et al., J- Med. Chem . 1995, 38, 2378) using the procedure for the 
preparation of 2-13 . 

IH NMR (300 MHz, CD3OD) 6 8.54 (m, IH), 8.47 (m, IH), 7.85 (d, IH, 
J=7.9 Hz), 7.46 (m, 2H), 6.55 (d, IH, J=7.3 Hz), 5.57 (m, IH), 3.63 (m, 2H), 
3.46 (m, 3H), 3.18 (m, 2H), 3.01 (m, 2H), 2.77 (m, 4H), 2.60 (m, 2H), 2.05 
(m, IH), 1.93 (m, 3H). 

TLC (silica): Rf=0.09 (15 EtOAc/10 EtOH/1 NH4OH/ H2O) 
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SCHEME 6 (CONTINUED) 




6=11 
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SCHEME 6 (CONTINUED) 



aq. NaHCOa 
COCI2, CH2CI2 




6-12 



NaOH 




OH 



6-13 



The imidazoKdine-ring methylated compound 6-13 was 
prepared using the procedure described in Scheme 2 by replacing the 
5 glycine ethyl ester with alanine ethyl ester. 

In further embodiments, other imidazolidine-ring 
substituted systems are prepared using the procedure described in 
Scheme 2 by emplojdng the desired natiaraUy-occiLrring or non- 
naturally-occurring amino acid. 

10 
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SCHEME 7 




Pd(OAc)2, EtgN. 
tri-o-tolylphosphine 
ethyl acrylate, CH3CN 



MeO 




COgEt 



2z3 



Ph> 



H 

.N. 



Ph 



Me 



THF 

2. nBuLi, THF 

3. NH4CI, H2O 



Ph^ 




MeO 



Pd(OH)2. H2, 
EtOH, HOAc, H2O 




5 
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MeO 

•N 



7-5 



2:M 




Boc - O 



NaCNBH3.HOAc H ^ 

NaOAc. 4A selves T HN-'^-^OEt 



i-PrOH 



HCI, EtOAc 



O 




\_7 



MeO 

N 




H 




O 



ZiZ 



NH HN ^ OEt 



MeO 

N 





DIPEA, DMAP 
CH2CICH2d Tifi 



MeO 

N 




II 

NaOH O o 

MeOH, HgO H 1^0 




7-9 
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5-Bromo-2*methoyvpvriHinp (7*2) 

To a solution of KOH (4.2 g, 0.075 mol) in water (750 mL) was 
added 2-methox3Tpyridine T^l (16.4 g, 0.15 mol) followed by a dropwise 
addition of bromine (24 g, 0.15 mol) in IN aqueous KBr (750 mL), and the 
5 resulting solution was stirred at room temperature for 5 hr. Solid 
NaHCOa was added imtil basic, and the solution was extracted with 
CHCI3 (3x500 mL). The organic layer was washed with 10% NaHSOa, 
then brine, dried over Na2S04^ filtered and the solvent removed in vacuo. 
The resulting dark brown oil was predominantly the desired compound 
10 7-2 and was used as such in the next step. 

-"■H NMR (300 MHz, CDCI3) 5 3.91 (3H, s), 6.66 (IH, d), 7.62 (IH, dd), 8.20 
(lH,d). 

Ethvl 3-(6-methoxvpviidin-3-vl)acrvlate (7-3) 

15 A solution of the 5-bromo-2-methoxyp3n-idine 7:2 (74.3 g, 0.4 

mol), ethyl acrylate (150 mL, 1.4 mol), triethylamine (150 mL, 1.08 mol), 
palladiimi acetate (10 g, 0.045 mol) and tri-o-tolylphosphine (20 g, 0.066 
mol) in 100 mL acetonitrile was degassed with argon for 10 minutes. 
The mixture is heated at 90°C for 12 hr, then the volatiles were removed 

20 ini vacuo. Toluene (300 mL) was added and the mixture concentrated 
again. Diethyl ether (300 mL) was added and the mixture filtered 
through a pad of silica gel eluting with 800 mT. of diethyl ether. After 
removal of the diethyl ether, the residue was chromatographed on siUca 
gel eluting with EtOAc/hexane 1:19 then 1:14 then 1:9 to give 7:3 as a 

25 yellow solid. 

NMR (300 MHz, CDCI3) 5 1.34 (3H, t), 3.97 (3H, s), 4.26 (2H, q), 6.34 
(IH, d),6.76 (IH, d), 7.63 (IH, d), 7.77 (IH, dd),8.27 (IH, d). 

N-Ben2ryl-fR)-a-methvlben2vl-3fS)-f6-met hoxvpvridin-3-vl)-p-alanine 
30 ' ethvl ester f7-4) 

To a solution of N-benzyl-(R)-a-methylbenzylamine (97.5 g, 
462 mmol) in THF (750 mL) at O'^C was added n-butyllithium (2.5M in 
hexanes; 178.5 mL, 446 mmol). The dark violet solution was stirred at 
O^'C for 20 minutes, cooled to -78°C and the ester 
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resulting solution was stirred at -78°C for 1 hr., then cannulated into 
saturated NH4CI and extracted with EtOAc, washed with water then 
brine, dried and concentrated"^m vacuo to give an oil. Column 
5 chromatography (silica gel; hexane/EtOAc 9:1 then 4:1) gave 7=4 as an oil 
contaminated with N-benzyl-(R)-a-methylbenzylanune. This oil was 
taken up in 5% AcOH in water and extracted with diethyl ether (4x). The 
organic layers were dried over MgS04 and the solvent removed to give 

the title compound TA. 
10 -^H NMR (300 MHz, CDag) 5 1.08 (3H, t), 1.27 (3H, d), 2.52 (IH, dd), 2.62 

(IH, dd), 3.66 (IH, d), 3.70 (IH, d), 3.93 (3H, s), 3.95 (2H, m), 4.41 (IH, dd), 
6.74 (IH, d), 7.15-7.45 (lOH, m), 7.64 (IH, dd), 8.15 (IH, d). 

.q(S)-ffi-methoxvpy ridin-.<^-v1Vp-a1flninfi P.thvl ester (7-5) 

15 To a degassed (argon) solution of the ester TdL (70 g) in EtOH 

(250 mL), HOAc (25 mL) and water (2 mL) was added 20% Pd(0H)2 on 
carbon. The mixture was placed under hydrogen using a balloon and 
the resulting mixture was stirred for 24 hr. After filtration through 
ceUte (washing with EtOAc), the solvent was removed in vacuo to afford 

20 a waxy sohd. This was dissolved in 200 mL water and extracted with 
diethyl ether (2x200 mL). The aqueous layer was then treated with solid 
K2CO3 until fully saturated and extracted with EtOAc (4x200 mL). After 
drying over MgS04, the solvent was removed in vacuo to give the titie 
compound as an oil which soHdified in the freezer. 

25 ^H NMR (300 MHz, CDag) 8 1.23 (3H, t), 2.61 (IH, dd), 2.68 (IH, dd), 3.92 
(3H, s), 4.15 (2H, q), 4.41 (IH, dd), 6.93 (IH, d), 7.62 (IH, dd), 8.13 (IH, d). 

3 («=;U2-(terfc-Butoxvcarhonvl-r3-f5.6 .7.8-teta^vdro-n.81naphthYriain-2-yl)- 
p 7>^pYll-aminn)-et HY^aTninnV .^-f2-methox vpvridin-5-vlVprOPiomc acid 

30 * ptbvl ester (7-6) 

To a solution of the amine 2^ (6.85 g, 30.5 mmol) in 2- 
propanol (300 mL) at room temperature was added acetic add (1.75 mL, 
30.5 mmol), NaOAc (24.6 g, 0.3 mol) and 4A molecular sieves (5 g). The 
aldehyde 2-9A (8.1 g, 24.3 mmol) in 2-propanol (150 mL) was added and 
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the mixtiire stirred for 15 minutes, then cooled to 0°C and NaCNBHa 
(5.66 g, 90 nunol) added in one lot. The resxilting mixture was allowed to 
warm to room temperatxu'e and stirred for 16 hr before being filtered 
through celite. After removsJ of the solvent in vacuo, the residue was 
5 treated with 10% aqueous KHSO4 for 30 minutes, basified with solid 
K2CO3 (to pH -10) and extracted with 3x 200 mL EtOAc. The EtOAc 
layers were washed with brine, dried (Na2S04) and concentrated in 

vacuo to give an oil. Colrman chromatography (silica gel; 5% MeOH in 
CHCI3) gave 2:£ as an oil contaminated with -7% of the p-alanine. 

10 "^H NMR (300 MHz, CDag) 5 1.20 (3H, t), 1.42 (9H, s), 1.7-2 (4H, br m), 

2.5-2.8 (8H, m), 3.2 (4H, m), 3.42 (2H, m), 3.92 (3H, s), 4.06 (2H, q), 5.0-5.4 
(IH, bs), 6.36 (IH, br s), 6.72 (IH, d), 7.12 (IH, br s), 7.58 (IH, dd), 8.07 
(IH, d). 

15 3rSV(6-Methoxvpvridin-3-vlV3-f2-r3-(5.6.7.8-tetrab vdro-ri.81naT)hthvridLn- 
2-vl')-t>ropy1amir>n1-^ th Yl"^^iio^-pr'?P""^'*- acid ethvl ester (7-7) 

A solution of the ester 2i& (14.1 g, 26 mmol) in EtOAc (350 
mL) cooled to -20''C was treated with HCl (gas) for 10 minutes then 
stoppered and stirred at O^C for 1.5 hr. The volatiles were removed in 

20 vacuo, tiie residue taken up in 150 mL of water and treated with solid 
K2CO3 to pH-10. This solution was extracted with EtOAc (3x 150 mL), 
washed with brine, dried (Na2S04) and concentrated to give an oil. 
Column chromatography (sihca gel; 5% MeOH in CHCI3) gave the p- 
alanine IdS; further elution with 5% MeOH in CHCI3 saturated with 

25 NH3 gave JzL as a viscous oil. 

-^H NMR (300 MHz, CDag) 5 1.20 (3H, t), 1.8-1.95 (4H, m), 2.5-2.8 (12H, 

m), 3.39 (2H, m), 3.92 (3H, s), 4.09 (2H, q), 5.01 (IH, bs), 6.34 (IH, d), 6.72 
(IH, d), 7.06 (IH, d), 7.59 (IH, dd), 8.07 (IH, d). 

30 3(S)-(6-Methoxvpvridin-3-vi)-3-f2-oxo-3-r3-f5.6.7.8-tetrahvdro- 

n ■81naphthvridin-2-vl)-proT>vn-imidazolidin-l-vl)-propionic acid ethvl 
e.sterf7-8) 

To a solution of the diamine 2=7 (8.03 g, 18.2 mmol), DIPEA 
(9.5 mL, 54.6 mmol) and DMAP (250 mg) in 1,2-dichloroethane (150 mL) 
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cooled to -20°C was added p-nitrophenyl chloroformate (3.85 g, 19.1 
mmol) in 1,2-dichloroethaiie (25 mL) dropwise such that the internal 
temperature remains below -15°C. The resulting mixture was allowed 
to warm to 0°C and stirred for 45 minutes, then heated to reflux for 4 hr, 
5 After cooling, the solvent was evaporated in vacuo, the residue taken up 
in EtOAc and washed successively with 10% K2CO3 (6x 150 xoL) and 
brine. The EtOAc layer was dried CNa2S04) and concentrated in vacuo to 

give an oil (6.27 g). Column chromatography (sihca gel; 5% EtOH in 
CH2CI2) gave TiS as an oil. 

10 """H NMR (300 MHz, CDCI3) 5 1.20 (3H, t), 1.8-1.95 (4H, m), 2.52 (2H, dd), 

2.68 (IH, dd), 2.9-3-1 (3H, m), 3.15-3.3 (5H, m), 3.39 (2H, m), 3.92 (3H, s), 
4.11 (2H, q), 4.8 (IH, bs), 5.42 (IH, t), 6,34 (IH, d), 6.72 (IH, d), 7.03 (IH, d), 
7.60 (lH,dd), 8.08 (IH, d). 

15 afSW6-MethQxvDvridin-3-vlV3-(2-Qxo-3-r3-(5.6.7-8-tetrahvdro- 

ri.81nanhtbyHHiri-2-vlVpropyll-iTnif1azohdin-l-vl)-propiomc acid (7-9) 

To a solution of the ester (3.48 g, 7.4 mmol) in MeOH (50 
mL) and water (30 mL) at room temperature was added IN NaOH 
solution (22.3 mL, 22.3 mmol) and the mixture stirred for 16 hr. After 

20 removal of the solvent in vacuo, the residue was treated with 25 mL IN 
HCl and the solvent removed again. Colimm chromatography of the 
residue (sihca gel;EtOAc/EtOH/aq, NH4OH/H2O 20:10:1:1 then 15:10:1:1) 

gave a gum which was crystaUized from a minimuTn amoxmt of water 
and filtered to give 7i9 as a white sohd. 
25 iH NMR (300 MHz, CD3OD) 5 1.75-2.1 (4H, m), 2.55-3.1 (8H, m), 3.28 (IH, 

q), 3.3 (IH, m), 3.4-3.55 (3H, m), 3.63 (IH, q), 3.85 (3H, s), 5.47 (IH, dd), 
6.55 (IH, d), 6.80 (IH, d), 7.48 (IH, d), 7.68 (IH, d), 8.09 (IH, d). 

In a further embodiment, the R-enantiomer, i.e. 3fR)-(6- 
30 ' methoxvDvri din-3-vlV3-(2-oxo-3-r3-fS.6.7.8-tetrahvdro-ri.81nanhthvridin- 
2-vD-prQpvn-iTnidazohdin-1 -vll-nropionic add was prepared by 
substituting N-benzyl-(S)-a-methylbenzylamine for the N-ben2yl-(R)-a- 
methylbenzylamine in preparing intermediate 7-4 . 
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In. yet a further embodiment, the racemate, i.e, 3:£6i 
Tr>Afiin^vHdm-3-vlV3-f2-oxo>3^r3-f5.6.7,8 -tetrahvdro-ri,^ 
2^vlVDropY^l-^Tn^f^ay.n^^f^^n^l^vl)-Dropionic add was prepared by 
substituting racemic N-benzyl-a-methylben2ylamine for the N-ben2yl- 
5 (R)-a-methylbenzylamine in preparing intermediate 7:^. 

SCHEMES 




5*Bromo-2-ethoxvDvridine (8-2) 

10 Sodium metal (4.87 g, 0,212 mol) was added to ethanol (200 

mL) and stirred until completely dissolved. To this solution was added 
2,5-dibromopyridine QzL (Aldrich; 10 g, 0.0424 mol) and the resulting 
mixture was stirred at reflux for 16 hr. The solvent was removed in 
vacuo and the residue partitioned between water and EtO Ac. After 

15 extraction with EtOAc (2x), the organic layer was washed with brine, 
dried (MgS04) and concentrated to give fi:^ as a red-brown soUd which 

was used as such in the next step. 
. NMR (300 MHz, CDCI3): 5 1.4 (3H,t), 4.33 (2H,q), 6.63 (lH,d), 7.62 

(IH, dd), 8,19 (IH, d). 

20 
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3fSVf6-EthoxvDvridin-3-vlVp-al amne ethvl ester (8-3) 

The title compound SzS was prepared from 5:2 using the 
procedure described for the synthesis of 7-5 . 

■^H NMR (300 MHz, €003): 5 1.25 (3H, t), 1.39 (3H, t), 2.61 (IH, dd), 2.67 

5 (IH, dd), 4.15 (2H, q), 4.34 (2H, q), 4.40 (IH, dd), 6.71 (IH, d), 7.62 (IH, dd), 
8.11 (IH, d). 

3fS)-(6-EthoxvDvHHin-.q-v1)-3-(2-oxo-3-r3-(5.6.7.8-tetrahvdro- 
ri.glnaphthv T-iHiT^-^- vD-propy n-iTTiiflfl zolidin-l-vll-propiomc acid (8-4) 
10 The title compound 5:4 was prepared from 2-9A and..S:3 

using the procedure described in Scheme 2. 

iH NMR (300 MHz, CD3OD) 5 1.37 (3H, t), 1.8-2.0 (4H, m), 2.65 (2H, t), 
2.82 (2H, t), 2.95-3.10 (2H, m), 3.15 (2H, m), 3.23 (2H, dt), 3.46 (2H, m), 3.51 
(2H, t), 4.32 (2H, q), 5.41 (IH, t), 6.62 (IH, d), 6.84 (IH, d), 7.57 (IH, d), 7.76 
15 (IH, dd), 8.13 (IH, d). 
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SCHEME 9 




^^-(fi.ATTiinn-pYr? ^^T> -'^-vlVacrvlie acid terf-butvl ester (9-2) 

A mixture of 2-aimno-5-bromo-pyridine (9-1) (10 g, 58 
5 . mmol), tert'hutyl acrylate (50 mL, 344 mmol), triethylamine (50 mL, 359 
mmol), tri-o-tolylphosphine (3.0 g, 9.8 mmol) and Pd(OAc)2 (1.0 g, 4.5 
mmol) in 150 mL CH3CN was purged with argon for 5 min and 
subsequently reflxixed at llO'^C for 20 hr. The mixture was then cooled 
and concentrated. The residue was purified using silica gel flash 
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chromatography (EtOAc/hexanes 1:1) to afford the desired product 9:2 as 
a solid. 

Rf (siKca, EtOAc/hexanes 1:1) = 0.26 

5 ■^(SV(fi-Aminn-pyridin'3'Vl)-3-rbenzvl-(l(R)-phenvlethvlVaim 
propionic acid tert-hutvl ester (9-3) 

To a cooled (0°C) solution of (R)-(+)-N-benzyl-a- 
methylbenzylamine (4.0 g, 19 mmol) in 50 roL THF was gradually added 
n-butyllithium (11.3 mL, 2.5 M, 28.2 mmol) over 5 min. The mixture was 
10 stirred for 30 min at O^C and cooled to -78°C. A solution of M (2.0 g, 9.4 
mmol) in 20 mL THF was gradually added. After stirring for 40 min at - 
78°C, it was treated with NH4CI (sat.) at -78**C, warmed to room 

temperature and extracted three times with EtOAc. The combined 
organic layers were washed with brine and dried over Na2S04. After 

15 solvent evaporation, the residue was purified using sihca gel flash 

chromatography (EtOAc/hexanes, 1:2) to afford the desired product 2:^ 
as an oil. 

Rf (silica, EtOAc/hexanes 1:1) = 0.28 

20 5^(S)-Ammo-3-(6-?^TTiiTin-pvridin-3-vl)*propionic acid ethvl ester* 2 HCl 
£9:41 

A mixture of SiS (0.5 g, 1.2 mmol) and 10% Pd/C (0.4 g) in 10 
mL AcOH was piirged with argon for 5 min and then heated at 78°C. 
1,4-Cyclohexadiene (2 mL. 21.1 mmol) was then gradually added. The 
25 reaction mixture was stirred for 3 hr and filtered through a celite pad. 
The solution was concentrated and the residue was purified using siHca 
gel flash chromatography (EtOAc/MeOH/NH40H 1 :1:0.04) to afford an 

oil. To the oil (1.2 g) in 20 mL EtOH was introduced HCl gas for 10 min. 
The mixture was stirred 24 hr and then concentrated to afford the 
30 desired product 2:4 as the HCl salt. 

iH NMR (400 MHz, CD3OD) 5 8.11 (d, J=9.6 Hz, IH), 8.08 (s, IH), 7.13 (d, 

J=9.6 Hz, IH), 4.77 (m, IH), 4.18 (q, J=6.8 Hz, 2H), 3.22-3.02 (m, 2H), 1.24 
(t, J=6.8 Hz, 3H). 
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a(«^)-(p-ATT^inn-pYriHiTi-3-vTV3-l2-oxo-3-r3-f5.6.7.8-tetrahvdro- 
ri.81naphthvridin-2-vl)-propv11-irniHa9in1iHin-1.-vl)-prot>ionic acid (9-5) 

The title compound 2:5 was prepared as the TFA salt from 
2-9A and 24 using the procedure described in Scheme 2. 
5 iH NMR (300 MHz, CD3OD) 5 7.90 (d, J=2.1 Hz, IH), 7.46 (dd, J=8.7, 2.1 

Hz, IH), 7.03 (d, J=8.7 Hz, IH), 6.47 (d, J=8.7 Hz, IH), 6.34 (d, J=8.7 Hz, 
IH), 5.38-5.30 (m, IH), 3.40-3.37 (m, 2H), 3.26-3.16 (m, 4H), 3.03-2.86 (m, 
2H), 2.70-2.66 (m. 2H), 2.55-2.50 (m, 2H), 2.14-2.02 (m, 2H), 1.93-1.79 (m, 
4H). 



- 117 - 



wo 99/31099 



PCTAJS98/26568 



SCHEME 10 




Iflifi 10-7 
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3-f3-Hvdroxv-4-mtrophenvD-aa-vl ic add ethvl ester (10-2) 

To a stirred solution of aldehyde 10-1 (20.28 g, 132.5 mmol) in 
5 CH2CI2 (400 mL) at room temperature was added 

(carbetho:QTaaethylene)triphenylphosphorane (46.12 g, 132.5 mmol) over 
a 10 min period. The resulting orange solution was stirred at room 
temperature for 2 h. The solution was concentrated to one-fourth its 
volume. Flash chroniatography (silica gel; 30:70 EtOAc/hexanes) gave 
10 the title compotmd 10-2 as a bright yellow solid. 
TLC Rf = 0.75 (25:75 EtOAc/hexanes) 
■ IH NMR (300 MHz, CDCI3) 8 8.14 (d, IH), 7.60 (d, IH), 7.15 (dd, IH), 6.54 

(d, IH), 4.30 (q, 2H), 1.36 (t, 3H). 

15 
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.q-(A-ATninn-3-hvdrnxvphenvl)-acrvlic acid ethvl e ster (10-3) 

To a stirred suspension of 10-2 (4.64 g, 19.6 mmol), NH4CI 
(524 mg, 9.8 mmol), EtOH (140 mL) and H2O (70 mL) was added iron dust 
(2.72 g, 48.9 mmol). The restJting yellow suspension was refluxed for 
5 1.5 h. £ind then the solution was filtered while hot through celite. The 
filtrate was concentrated and the residue was partitioned between EtOAc 
and brine. The layers were separated and the EtOAc layer dried 
(Na2S04) and concentrated to give 10-3 which was used without further 

purification in the next step. 
10 TLC Rf = 0.2 (25:75 EtOAc/hexanes) 

IH NMR (300 MHz, CDCI3) 5 7.57 (d, IH), 7.00 (m, 2H), 6.68 (d, IH), 6.20 

(d, IH), 4.26 (q, 2H), 4.10 (bs, 2H), 1.33 (t, 3H). 

a-r4-f2-Chloroa''«>*vlflTr>iT>r>)-.^-hYdroxvphenvl1acrvlic acid ethvl ester 
15 (10-4) 

To a stirred solution of 10:3 (3.38 g, 16.3 mmol) in CHCI3 (80 
mL) was added saturated NaHCOs (50 mL) and it was then chilled to 
0°C. A solution of chloroacetyl chloride (1.94 mL, 24.4 mmol) in CHCI3 
(30 mL) was added dropwise to the chilled biphase. Upon addition 

20 completion, the reaction was stirred at 0°C for 1 h. The layers were 
separated and the aqueous layer was extracted twice with EtOAc. The 
combined organic layers were washed with brine, dried (Na2S04) and 
concentrated to give 10-4 which was used without further purification in 
the next step. 

25 TLC Bf = 0.4 (25:75 EtOAc/hexanes) 

IH NMR (300 MHz, CDCls): 5 10.33 (s, IH), 9.58 (s, IH), 8.02 (d, IH), 7.51 

(d, IH), 7.19 (d, IH), 7.12 (s, IH), 6.39 (d, IH), 4.42 (s, 2H), 4.17 (q, 2H), 1.25 

(t, 3H). 

30 3-(3-Oxo-3.4-dihvdro-2H-benzori.4loxazin-7-vD acrvKc acid ethvl ester 

To a stirred solution of IM (4.28 g, 15.0 mmol) in DMF (50 
mL) was added K2CO3 (4.50 g, 32.6 mmol). The resulting suspension 
was heated to 50°C for 12 hu, after which time the reaction was 
35 concentarated. The residue was partitioned between saturated NaHC03 
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and EtOAc and extracted twice with EtOAc, The combined organic 
layers were washed with brine, dried (Na2S04), and concentrated. 

Flash chromatography (silica gel; 25:75 EtOAc/hexanes) yielded 10-5 as a 
beige soHd. 
5 TLC Rf = 0.5 (25:75 EtOAc/hexanes), 

IH NMR(300 MHz, CDCI3) S 10,91 (s, IH), 7.54 (d, IH), 7,37 (s, IH), 7.31 

(d, IH), 6.90 (d, IH), 6.51 (d, IH), 4.60 (s, 2H), 4.16 (q, 2H), 1.24 (t, 3H). 

3fRVreenzvl-fl-phenvlethvl Vaminn1-.q .(SU3-oxo-3.4-dihvdro-2H- 

10 benzori.41oxazin-7-vD propionic add ethvl ester (10-6) 
To a stirred solution of (R)-(+)-N-benzyl-a- 
methylbenzylamine (5.43 g, 25.7 mmol) and anhydrous THE (75 mL) at 
O^'C was added butyllithium (10.3 mL, 2.5 M/hexanes, 25.7 mmol) via 
S5rringe. The violet-red solution was stirred at 0*^0 for 15 minutes and 

15 then cooled to -78°C. A solution of 10-5 (2,12 g, 8.6 mmol) in anhydrous 
THE (50 mL) was added via sjnringe, and the resulting brown solution 
was stirred at •78*'C for 30 minutes. The brown solution V7as quenched 
with satxirated NH4CI, the mixture then warmed to room temperature 
and extracted twice with Et20. The combined organic layers were 

20 ' washed with brine, dried (Na2S04), and concentrated. Flash 

chromatography (silica gel; 15:85 to 25:75 EtOAc/hexanes) yielded 10-6 as 
a white foam. 

TLC Rf = 0.25 (25:75 EtOAc/hexanes) 

IH NMR (300 MHz, CDCaa) 5 10.89 (s, IH), 7.32 (m, lOH), 7.10 (m, 2H), 
25 6.91 (d, IH), 4.62 (s, 2H), 4.39 (m, IH), 4.13 (q, 2H) 3.96 (m, IH), 3.68 (s, 
2H), 2.56 (m, 2H), 1.28 (m, 6H). 

3fRVmenzvl-(l-phenvlethvD-amiTin1.3.fSVf4-methvl- 3-nxQ-3.4-dihv^^^ 
benzori.4lQxazin-7-vl) nronionic acid eth vl ester (10-7) 

30 To a stirred suspension of NaH (65 mg, 60%, 1.6 mmol) in 

DMF (5 mL) under argon was added a solution of 10-6 (650 mg, 1.4 mmol) 
in DMF (10 mL) via syringe. This yellow solution was stirred at room 
temperature for 30 minutes. lodomethane (0.5 mL, 8.0 mmol) was 
added and the solution then stirred at room temperature for an 

35 additional 30 minutes. The reaction was quenched with saturated 
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NaHCOs- The aqueous layer was extracted three times with CH2CI2. 
The combined organic layers were washed with brine, dried (Na2S04) 
and concentrated. Flash chromatography (siHca gel; 25:75 
EtOAc/hexanes) afforded 10-7 as a dear oil. 
5 TLC Rf = 0.6 (25:75 EtOAc/hexanes) 

IH NMR (300 MHz, CDCI3) 5 7.30 (m, lOH), 7.06 (m, 2H), 6.91 (d, IH), 4.62 

(s, 2H), 4.39 (m, IH), 4.13 (q, 2H) 3.96 (m, IH), 3.68 (s, 2H), 3.35 (s, 3H), 
2.56 (m, 2H), 1.26 (m, 6H). 

10 -q(.c;)-ATniTi o-3-f4-meth vl-3-oxo- 3.4-dihvdro -2g-benzon.41nicazin-7-vl) 

propionic acid ethvl ester (10-8) 

A stirred solution of 10-7 (581 mg, 1.2 mmol), MeOH (10 

mL), AcOH (1.0 tnL), and H2O (0.3 mL) was degassed with argon for 5 

minutes. Pd(OH)2 (581 mg) was added and the reaction was placed 
15 under 1 atm of H2 for 2.5 h. The reaction was diluted with EtOAc and 

filtered through ceHte. The filtrate was concentrated to yield 10-8 as a 

clear oil. 

TLC Rf = 0.3 (5:95 MeOH/CH2Cl2) 

IH NMR (300 MHz, CDas) 5 7.04 (m, 2H), 6.93 (dd, IH), 4.61 (s, 2H), 4.39 
20 (m, IH), 4.13 (q, 2H), 3.37 (b, 2H), 3.35 (s, 3H), 2.69 (m, 2H), 1.24 (t, 3H). 

3-fRVr4-Methvl-3-oxo-3.4-dihvdro-2H-benzori.41 oxazin-7-vlV3-(2-oxo-3- [3- 
f T? i f? ■ 7 , fi-tqtrah vdro-n .81naphthvridin-2-vl)-propvn-imi d a zolidin-l-vll- 
propionic acid (10-9) 
25 The title compotmd 10-9 was prepared from 2-9A and 10-8 

using the procedure described in Scheme 2. 

IH NMR (400 MHz, de-DMSO) 5 7.83 (bs, IH), 7.60 (d, IH), 7.11 (d, IH), 
6.99 (d, IH), 6.93 (s, 1H),6.63 (d, 1H),5.20 (t, IH), 4.64 (s, 2H), 3.3-2.8 (m, 
lOH), 3.25 (s, 3H), 2.72 (m, 2H), 2.59 (m, 2H), 1.81 (m, 2H), 1.74 (m, 2H). 

30 . 
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SCHEME 11 
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2-^ert-Butoxvcarbonv1arninn-fi-aTriinnpvridine ( 11-2) 

A solution of 2-ainino-4-bromop3nidine 11-1 (10.1 g, 58.4 
mmol) in 150 mL of melted ?-BuOH was treated with di-iert-butyl 
dicarbonate (14.0 g, 64.2 mmol). After the solution was stirred for 12 hr, 
5 the solvent was evaporated. The residue was pxirified using silica gel 
flash chromatography (CHCla/hexanes, 5:1) to afford the desired product 
11-2 as a soUd. 

Rf (siUca, 100% CHCI3) = 0.56 

IH NMR (300 MHz, CDCI3) 5 8.82 (bs, IH), 8.38 (d, IH), 8.78 (d, IH), 7.78 
10 (dd, IH), 1.55 (s, 9H). 

2-f^er^-Butoxvcarbonvl-m ethy1-flTnin n)-S.flrniiiopvridine f 11-3) 

To a solution of Jig (6.0 g, 22.0 mmol) in 50 mL DMF at 0°C 
was added NaH gradually. After the mixture was stirred for 40 min, 

15 CH3I (3.4 g, 24.0 nmiol) was added in one portion. The reaction mixture 
was stirred for 5 hr, treated with 300 mT. water and extracted three times 
with ethyl ether. The combined organic layers were washed with brine 
and dried over Na2S04. After solvent removal, the residue was purified 
by silica gel flash chromatography (CHCl3/hexanes 6:1) to aJBford the 

20 desired product 11-3 as a solid. 
Rf (siHca, 100% CHCI3) = 0.40 

IH NMR (300 MHz, CDa3) 5 8.40 (dd, IH), 7.68 (m, 2H), 3.36 (s, 3H), 1.55 
(s, 9H). 

25 3-r6-f^ert-Butoxvcarb onvl-methv] -flTninn)-p Yridin-3-vl1-acrvlic acid ethvl 
ester (11-4) 

A mixture of 11:3 (6.0 g, 20.9 mmol), ethyl acrylate (6.3 mL, 
62.7 mmol), triethylamine (17 mL, 125.5 mmol), tri-o-tolylphosphine (1.3 
g, 6.2 mmol) and Pd(0Ac)2 (0.5 g, 2.1 mmol) in 50 mL CH3CN was 
30 purged with argon for 5 min and subsequently refluxed at 110°C for 20 

hr. The mixture was cooled and concentrated. The residue was purified 
using sihca gel flash chromatography (EtOAc/hexanes 1:3) to afford the 
desired product 11-4 as an oil. 

iH NMR (300 MHz, CDa3) 6 8.47 (bs, IH), 7.82 (m, 2H), 7.64 (d, IH), 6.42 
(d, IH), 4.27 (q, 2H), 3.43 (s, 3H), 1.54 (s, 9H), 1.34 (t, 3H). 
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3-BenzvlPTTimn-a-r6-fter<-butoxvcarbonvl-metb Yl-aTnino)-p 
propionic acid ethv l ester (11-5) 

A mixtxire of 114 (1.7 g, 5.6 mmol) and benzylamine (8 mL, 
5 73.2 mmol) was heated in a sealed-tube at 95°C for 24 hr. The crude 
reaction mixture was purified using silica gel flash chromatography 
(EtOAc/hexanes 1:3 to 1:1) to afford the desired product 11:5 as an oil. 
Rf (siHca, EtOAc/hexanes 1:1) = 0.63. 

10 .^-ATTiinn-a-re-ftert-butoxvcarbonvl-iP PtbYl-amirinVpvridin-S-vll-nroTaio 

flfriH P.thvl ester (11-6) 

A mixture of 11:5 (1.5 g 3.6 mmol), 20% Pd(OH)2/C (0.3 g), 

AcOH (5.5 mL) and EtOH (50 mL) was ptarged with argon 3 times imder 
vacuum. The reaction mixture was stirred under balloon hydrogenation 
15 condition for 16 hr and filtered through a cehte pad. After solvent 
removal, the desired product 11-6 was obtained as the acetate salt, 
iH NMR (300 MHz, CDa3) 5 8.38 (d, IH), 7,70 (m, 2H), 4,50 (dd, IH), 4.15 

(q, 2H), 3.40 (s, 3H), 2.80 (m, 2H), 1.25 (t, 3H). 

20 3-(fi-MethvlflTTiinn-pvridin-3-vl)-3-f2-oxQ-3-r3 -(5.6.7.8-tetrahvdro- 

fl -81naphthvridin-2-vl)-propvlVin iiHa7:n1irl in-l-vl}-pr opiomc acid (11-7) 

The title compound 11-7 was prepared as the TEA salt firom 
2-9A and 11-6 using the procedure described in Scheme 2. 
IH NMR (300 MHz, CD3OD) 5 7.92 (dd, J=9.6, 1.6 Hz, IH), 7.79 (d, J=1.6 

25 Hz, IH), 7.57 (d, J=7.6 Hz, IH), 7.03 (d, J=9.6 Hz, IH), 6.63 (d, J=7.6 Hz, 
IH), 5.28 (m, IH), 3.51-3.36 (m, 5H), 3.28-3.17 (m, 3H), 3.05 (m, 2H), 3.02 
(s. 3H), 2.82 (m, 2H), 2,67 (m, 2H), 1.98-1,84 (m, 4H). 
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SCHEME 12 




12-5 



3-(2-Fluoro-biT)henvl-4-vlVacrvlic add etfavl ester (12-2) 

A solution of 2-fluoro-4-bromobiphenyl 12-1 (7.5 gm, 31.8 
5 mmol), ethyl acrylate (4.3 mL), Pd(0Ac)2 (0.714 gm, 3.2 mmol), tri-o- 

tolylphosphine (1.94 gm, 1.5 mmol), and triethylamine (12 mL) was 
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heated to lOO^'C in a sealed tube for 12 h. The reaction was cooled to room 
temperature and diluted with dichloromethane (40 mL). The organic 
solution was washed with 10% aq. citric add (20 mL), satd. aq, NaHC03, 
and brine (20 roL). The organic solution was dried over MgS04, filtered, 
5 and concentrated. The residue was purified by flash chromatography 
(95:5 to 90:10 hexanes/EtOAc) to give the acrylate ester 12;^ as a white 
solid. 

TLC Rf = 0.44 (10% ethyl acetate/hexanes). 

10 3-nBen2rvl-(l(TlVphenvlethvl VaTninn1 -3-f2-fluoro-biphenvl-4-vl)-T)ropio^ 

acid ethvl ester (12-3) 

A cooled (0°C) solution of (R)-(+)-N-benzyl-a- 

methylbenzylamine (8.9 mL, 42.6 mmol) in THF (100 mL) was treated 

with n-butyllithitmi (26.6 mL of a 1.6 M soln in hexanes; 42.6 mmol). 
15 After stirring for 10 min, the purple solution was cooled to -78 °C and 

treated with a solution of ester 12-2 (5.76 g, 21.3 mmol) in THF (10 mL). 

After stirring for 20 min, the solution was quenched with satd aq NH4CI 

soln (5 mL), and the cold bath removed. The reaction mixture was 
diluted with Et20 (100 mL), and washed with 10% aq citric acid (50 mL) , 
20 satd aq NaHCOs (50 mL), 5% aq acetic add (30 mL), 10% aq K2CO3 (50 
mL), and brine (50 mL). The solution was dried over MgS04, filtered 
and concentrated. The residue was purified by flash chromatography 
(90:10 hexanes/EtOAc) to give adduct 12-3 . 
TLC Rf = 0.48 (10% ethyl acetate/hexanes). 

25 

.^-ATnTTin-3-(2-fluoro-biphenvl-4-vl)-propionic acid ethvl ester (12-4) 

A solution of the dibenzylamine 12-3 (5.65 gm, 11.75 mmol) 
in EtOH/HOAc (90/10 mL) was purged with argon and treated with 
Pd(OH)2 (3 g) and placed under 1 atm of H2 gas for 12 h. Additional 
30 portions (2.5 g) of Pd(OH)2 were added after 24 h, 48 h and 144 h. The 
reaction mixture was purged with argon, filtered through Celite, and 
the filtrate dissolved in aq HCl (pH=l). The aqueous solution was 
washed with EtOAc, neutralized with satd aq NaHC03, and extracted 

with EtOAc (3 x 30 mL). The combined organic solutions were washed 
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with brine, dried over MgS04, filtered and concentrated to give the 
desired product 12r4 . 

iH NMR (300 MHz, CD3OD) 5 7.41 (m, 8H), 4.10 (m, IH), 4.06 (m, 2H), 
2.73 (m, 2H), 1.18 (m, 3H) ppm. 

5 

3fRV(2-Fluoro-biphenvl-4-vlV3-f2-oxo-3-r3-f5.6.7.8-tetrahvdro- 

f1 R1napthvriHin-2-vl')-proPvl1-iTnida7:n1idiT>-1-vl> propionic acid (12-5) 

The title compound 12-5 was prepared firom 2-9A and 12-4 
using the procediire described in Scheme 2. 
10 iH NMR (300 MHz, CD3OD) 5 7.49 (m, 9H), 6.64 (d, J= 7.3 Hz, IH), 5.49 

(m, IH), 3.31 (m, 9H), 2.83 (m, 2H), 2.74 (m, 2H), 1.97 (m, 4H) ppm. 
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SCHEME 13 




1 . Fe, AcOH 

2. GDI. THF 




13-5 



3-(3-Hvdroxv-4-nitro-phenvl)-acrvlic acid ethvl ester (13-2) 

To a solution of aldehyde 13-1 (15.0 g, 98.0 mmol) in CH2CI2 

5 (300 mL) was slowly added carboethoxymethylenetriphenylphosphorane 
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(34,1 g, 98.0 mmoD- The orange solutdon was stirred for 12 h at ambient 
temperature. The solution was concentrated to a paste and pxirified by 
flash chromatography (10% EtOAc/CH2Cl2) to give 13-2 as a yellow solid. 

TLC Rf = 0.51 (30% ethyl acetate/hexanes), 
5 iH NMR (300 MHz, CD3OD) 5 8.08 (d, J=8.4 Hz, IH), 7.63 (d, J=16.2 Hz, 

IH), 7.35 (d, J=1.5 Hz, IH), 7.27 (dd, J=8.4, 1.5 Hz, IH), 6.65 (d, J=15.9 Hz, 
IH), 4.25 (q, J=7.2 Hz, 2H), 1,32 (t, J=6.9 Hz, 3H) ppm. 

3-f2-Oxo-2.3-dihvdro-benzoxazol-6-vl)-acrvlic add ethvl ester (13-3) 
10 To a solution of the nitrophenol 13-2 (12.0 g, 57.4 mmol) in 

warm (70°C) ACOH/H2O (200 mL) was added iron dust (9.61 g, 172.2 

romol). The brown heterogeneous mixture was stirred for 30 min at 70- 
80°C. The mixture was filtered hot through Cehte, and the CeUte bed 
washed with EtOAc (2 x 200 mL). The filtrate was cautiously neutralized 
15 with satd aq NaHC03 (3 x 100 mL). The solution was dried over MgS04> 

filtered, and concentrated. The residue was purified by flash 
chromatography (5% MeOH in CH2CI2) to give an orange solid (9.6 g, 

81%). A portion of this soHd (4.5 g, 21.7 mmol) was dissolved in THF (150 
mL) and treated with 1,1-carbonyldiimidazole (3.87 g, 23.8 mmol), and 
20 the solution was stirred at ambient temperature for 24 h. The solution 
was diluted with EtOAc (100 mL) and washed with 10% HCl (50 mL) and 
brine (50 mL). The solution was dried over MgS04, filtered, and 

concentrated. The residue was ptirified by flash chromatography (5% 
MeOH in CH2CI2) to give 13-3 as a yellow solid, 
25 TLC Rf = 0.49 (5% MeOH/CH2Cl2). 

iH NMR (300 MHz, CD3OD) 5 7.77 (d, J=15.9 Hz, IH), 7.55 (s, IH), 7.41 (d, 
J=8.4 Hz, IH), 7.09 (d, J=8.1 Hz, IH), 6.47 (d, J=15.9 Hz, IH), 4.22 (q, J=7.2 
Hz, 2H), 1.31 (t, J=7.2 Hz, 3H) ppm. 

30 afR)-ATnin9-3-(2-oxo-2.3-dihvdro-benzoxazol-6-vl)-t)ropinnic acid ethvl 
ester (13-4) 

A solution of (R)-(+)-N-ben2yl-a-methylbenzylamine (4.08 g, 
19.3 mmol) in THF (120 mL) at 0°C was treated with n-BuLi (7.72 mL of a 
2.5 M soln in hexanes). The resulting solution was stirred at 0*^C for 30 
35 Tnin and then cooled to -78°C. A solution of acrylate 13-3 (1.5 g, 6.43 
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mmol) in THF (20 mL) was added. After stirring for 15 min at -78°C, 
satd aq NH4CI soln (25 mL) was added and the cold bath removed. The 
mixture was warmed to room temperature and extracted with Et20 (2 x 

40 mL). The combined organic extracts were washed with brine (30 mL), 
5 dried over MgS04, filtered, and concentrated. The residue was purified 

by flash chromatography (30% ethyl acetate/hexanes) to give 2.74 g of the 
P-aminoester as a yeUow oil. The aminoester was dissolved in 
EtOH/H20/AcOH (54 mL/4.8 mL/1.2 mL), degassed with argon, and 
treated with Pd(0H)2 (2.74 g). The mixture was placed under 1 atm of 
10 H2- After stirring for 18 h, the mixture was diluted with EtOAc and 

filtered through Cehte. The filtrate was concentrated to give ester 13-4 as 

an ofif-white soUd. 

TLC Rf = 0.10 (5% MeOH/CH2Cl2). 

iH NMR (300 MHz, CD3OD) 5 7.34 (s, IH), 7.26 (dd, J=:1.2, 8.1 Hz, IH), 
15 7,12 (d, J=8.1 Hz, IH), 4.65 (t, J=7.2 Hz, IH), 4.13 (q, J=6.9 Hz, 2H), 2.98 
(m, 2H), 1.20 (t, J=7.2 Hz, 3H) ppm. 

3rSVf2-Oxo-2.3-dihvdro-benzoxazol-6-vl)-3-f2-oxQ-3-r3-f5.6.7,8-tetrahvdro- 
ri.81napthYrif1in-2-vlVDropy11-iTnidazolidin-l-vl) propionic acid (13-5) 
20 The title compovuxd 13-5 was prepared firom 2-9A and 13-4 

using the procedure described in Scheme 2. 

iH NMR (300 MHz, CD3OD) 5 7.57 (d, J=7.3 Hz, IH), 7.28 (s, IH), 7,19 (d, 
J=8:2 Hz, IH), 6.63 (d, J= 7.3 Hz, IH), 5,47 (m, IH), 3.30 (m, 9H), 2.82 (m, 
2H), 2.66 (m, 2H), 1.96 (m, 6H) ppm. 
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SCHEME 14 




14-6 



3-f4-Hvdroxv-3- fluoroT)henvD-acrvlic add ethvl ester (14-2) 

A solution of 2-fluoro-4-bromophenol 14rl (50 g, 261.8 mmol), 
5 ethyl acrylate (34 mL), Pd(0Ac)2 (2.5 g), tri-o-tolylphosphine (5 g) and 
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triethylamine (83 mL) was heated to 100°C in a sealed tube for 12 h. The 
reaction was cooled to room temperature and diluted with 
dichloromethane (100 mL). The organic solution was washed with 10% 
aq. citric acid (40 mL), satd aq NaHC03, and brine (40 mL), The organic 
5 solution was dried oyer MgS04, filtered and concentrated. The residue 
was purified by flash chromatography (50:50 hexanes/EtOAc to 100% 
EtOAc) to give acrylic acid 14-2 as a white solid. 
TLC Rf = 0.45 (50% ethyl acetate/hexanes). 

10 3-rBenzvl-fl(RVphenvlethYl)-aTniTin'|-a-(4.-ethoxv-3-fluorophenvl)- 
propionic acid ethvl ester (14-4) 

To a stirred solution of 14r2 (49.25 gm, 234.5 mmol) in DMF 
(600 mL) was added CS2CO3 (84.1 gm, 257.9 mmol) and ethyl iodide (18.8 

mL, 234.5 mmol). After stirring for 12 h at room temperature, the 

15 reaction mixture was diluted with EtOAc (IL) and washed with water (6 
X 300 mL), 10% aq. citric acid (200 mL), satd. aq, NaHCOs (200 mL), and 
brine (300 mL). The organic solution was dried over MgS04, filtered, 
and concentrated to give 52,9 g (95%) of the product 14.3 as an orange oil 
which crystallized upon standing. A cooled (0°C) solution of (R)-(+)-N- 

20 benzyl-a-methylbenzylamine (71 mL, 339,4 mmol) in THF (650 mL) was 
treated with n-butyllithium (212 mL of a 1.6 M soln in hexanes; 339.4 
mmol). After stirring for 10 min, the pxirple solution was cooled to -78*^0 
and treated with a solution of ester 14-3 (53,8 g, 226.3 mmol) in THF (100 
mL). After stirring for 20 min, the solution was quenched with satd aq 

25 NH4CI soln (50 mL), and the cold bath removed. The reaction mixture 

was diluted with Et20 (1000 mL), and washed with 10% aq citric add (300 
mL) , satd aq NaHCOs (300 mL), 5% aq acetic add (300 mL), 10% aq 
K2CO3 (300 mL), and brine (200 mL). The solution was dried over 
MgS04, filtered and concentrated. The residue was purified by flash 

30 chromatography (85:15 hexanes/EtOAc) to give the adduct 144 . 
TLC Rf = 0.39 (25% ethyl acetate/hexanes). 

3-ATninn-a-f4-Ethoxv-3-fluorophenvl)-prQr>iomc add ethvl ester (14-5) 

A solution of the dibenzylamine 144 (30.0 gm, 66.8 nunol) in 
35 EtOH/HOAc (340/30 mL) was purged with argon and treated with 
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Pd(0H)2 (6 g) and placed under 1 atm of H2 for 12 h. Additional portions 
(2 5 g) of Pd(0H)2 were added after 24 h and 48 h. The reaction mixture 
was purged with argon, filtered through CeUte, and the filtrate coUected. 
The filtrate was concentrated to yield the desired amine 
IH NMR (300 MHz, CD3OD) 5 7.19 (m, 3H), 4.62 (m, IH), 4.07 (m, 4H), 

2.99 (m, 2H), 1.39 (m, 3H) 1.18 (m, 3H) ppm. 

r4-Etbn^-a-fluoro r ^^"v1^-3-^2-oYn-3-r3-(5,6,7.8-tetrah^ 
p fti„p pfi,vrid^ ^--?- y1VrrnT.v11-imiHazo1idin-l-Yl} propioTnc add (14-6) 

The title compound M£ was prepared firom 2:SA and IM 

using the procedure described in Scheme 2. „ „^ , oxta c 

IH NMR (300 MHz, CD3OD) 5 7.45 (d. J = 7.3 Hz, IH), 7.04 (m, 3H), 6.53 
(d J=7 3 Hz, IH), 5.43 (m, IH), 4.06 (q, J= 7.0 Hz, 2H), 3.48 (m, 6H), 3.15 
(m IH), 2.78 (m, 6H), 2.55 (m, 2H), 1.96 (m, 3H), 1.38 (t, J= 7.0 Hz, 3H) 



15 ppm. 
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SCHEME 15 




H, 



EtI 



CH3 




1) NaOH; HQ 

2) EDC, NMM. 
Ha-HN(Me)OMe 



'CH3 



15-2 




DIBAL 



15-3 



PH3PCHC0feC(CH3)3 

His " 




15-6 o^^tBu 



15-8 



CH3 ^^^^%j^N 
DpiT^N^Ph o 

H I5i : Jl 



nBuLd 



H2N 



OtBu 



2) Pd/C 



■0 



15-8 




OH 



15-9 
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A mixtiire of 3-hydroxy-mcotinic acid methyl ester 2kl05 
g, 90.8 mmol), ethyl iodide (14.5 ml, 181.6 mmol), cesium carbonate (29.5 
g, 90.8 mmol) and DMF (150 mL) was stirred at ambient temperture for 3 
hours. The reaction mixture was diluted with Et20 and then washed 
with 10% K2CO3, brine, dried (MgS04), and concentrated to give the 

ester 15-2 as a red oil. 

TLC Rf = 0.52 (silica,75% EtOAc/hexanes) 

IH NMR (300 MHz, CDa3) 5 8.82 (s, IH), 8.46 (s,lH), 7.75 (s, IH), 4.40 (q, 
2H, J=7Hz), 4.12 (q, 2H, J=7Hz), 1.43 (m, 6H). 

.*^-F.thQxv-J^-Tnethoxv-Ar-methvl-p i''"tinflTni de (15-3) 

To a solution of I^^ (15 g, 72 mmol) in EtOH (100 mL) was 
added IN NaOH (80 ml, 80 mmol). After stirring for 1 h, the solvents 
were evaporated and the residue was dissolved in IN HQ (80 ml, 80 
mmol) and then concentrated, azeotroped with CH3CN to give the crude 
add. The crude acid was suspended in DMF (200 mL) and then treated 
with HCl-HN(Me)OMe (13.9 g, 144 mmol), EDC (15.1g, 79.2 nmiol), 
HOBT (9.6g, 72 mmol) and NMM (60 mL, 576 mmol). The mixture was 
stirred for 18 hours and then concentrated. The residue was dissolved in 
ethyl acetate, washed with 10% K2CO3, brine, dried (MgS04), and 
concentrated to give amide 15-3 as a brown oil. 
TLC Rf = 0.30 (silica, 70:25:5 chloroform/ ethyl acetate/ MeOH) 

.'^-Ethnxv-PYridine-3-ca rbaldehvdefl5-4) 

To a stirred solution of I5:a (14.0 g, 66.5 mmol) and CH2CI2 
(200 mL) at -78*'C under argon was added DIBAL (l.OM hexanes, 90ml) 
dropwise over 30 minutes. After 30 minutes, the solution was warmed t( 
0°C for 1 hour. The reaction was quenched with 100 ml l.OM Rochelle's 
salt, stirred for 1.0 hour and tiien extracted with Et20. The organic 
layer was dried (MgS04), and then concentrated to give the aldehyde 
15-4 as a brown oil. 

TLC Rf = 0.32 (silica, 70:25:5 chloroform/ethyl acetate/MeOH) 

iH NMR (300 MHz, CDCI3) 5 10.10 (s, 1H),8.65 (s,lH), 8.55 (s,lH), 7.59 (s, 

IH), 4.14 (q, 2H, J=7Hz), 1.43 (t, 3H, J=7Hz). 
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3-(5-Ethoxv-pvridin-3-vlVacrvli c acdd tert-hntvl ester f 15-6) 

A mixture of 15-4 (8.0 g, 51.6 mmol), 15-5 (20 g, 54.2 mmol), 
and benzene (150 roL) was heated to reflux for 30 minutes. The mixture 
was diluted with Et20 and then washed with 10% K2CO3, brine and 
5 dried (MgS04). Following evaporative removal of the solvent, the residue 
was chromatographed (sihca gel, 30% EtOAc/hexanes) to give 15-6 as a 
yellow solid. 

TLC Rf = 0.41 (sihca, 70:25:5 chloroform/ ethyl acetate/ MeOH) 
iH NMR (300 MHz, CDas) 5 8.31 (m, 2H),7.55 (d, IH, J=16Hz), 7.27 (s, 
10 IH), 6.40 (d, IH, J=16Hz), 4.10 (q, 2H, J=7Hz), 1.54 (s, 9H), 1.44 (m, 3H). 

3(S)-Amino-3-(5-ethoxv-pvridin-3-vlVpropiomc acid te/t-butvl ester (15-8) 
To a stirred solution of 15-7 (500mg, 2.38nmiol) and THF at 
0°C was added nBxiLi (2.5 M THF, 0.95 ml) dropwise. After 20 mdnutes, 
15 the solution was cooled to -78°C and 15-6 (500mg, 1.98 mmol), dissolved in 
3 ml THF, was added. After 15 minutes, the reaction was quenched with 
sat. NH4CI followed by the removal of the coohng bath. The solution was 

extracted with ethyl acetate. The organic portion was washed with 
brine, dried (MgS04) and concentrated. The residue was dissolved in 

20 acetic acid (14 ml), and the solution was purged with argon for 30 

minutes. 10% Pd/C (1.0 g) was added and the mixture was heated to 
80°C. 1,4-Cyclohexadiene (6 ml) was added dropwise maintaining an 
internal temperatixre between 80°C and 90°C. After 5.0 hoxirs, the 
mixture was filtered through a celite pad, concentrated and then 

25 azeotroped with toluene. The residue was chromatographed (sihca gel, 
5% [10:10:1 EtOH/NH40H/H20]/ 70:25:5 chloroform/ ethyl acetate/ 

MeOH) to give 15-8 as a yellow soUd. 

IH NMR (300 MHz, CDCI3) 5 8.18 (m, 2H),7.25 (s,lH,), 4.41 (m,lH,), 4.08 
(q, 2H, J=7H2), 2.59 (m, 2H, ), 1.87 (s, 2H), 1.40 (m, 12H). 

30 

3fS)-f5-EthQxv-pvridin-3- vl)-3-(2-Qxo-3-r3-(5.6.7.8-tetrahvdro- 
ri.81naphthvridin-2-vl)-propvlVimidazohdin-l-vl}-propionic acid (15-9) 
The title compound 15-9 was prepared firom 2-9A and 15-8 
using the procedure described in Scheme 2. 
35 TLC Rf = 0.27 (silica, 10:10:1:1 ethyl acetate/EtOH/water/NH40H). 
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iH NMR (300 MHz, CD3OD) 5 8.13 (m, 2H), 7.48 (d, IH, J=7Hz), 7.35 (s, 
IH), 6.55 (d, J=8 Hz, IH,). 5.53 (m, IH), 4.13 (q, 2H, 7Hz), 3.31-3.70 (m, 
7H), 3.06 (m, 2H), 2.55 -2.85 (m, 6H), 1.88-2.15 (m,5H), 1.42 (t, 3H, J=7 Hz). 

SCHEME 16 



CH3 



OtBu 



16-2 





H2N 




OEt 



16-3 



AICI3, EtSH 




OR 



NaOH 
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a(R)-ATninn-3-(5-methoxv-PYriHiTi-3-vl)-propiocdc acid tert-hvLtvl ester 
(16-2^ 

S-Bromo-S-methoxy-pyridine 16-1 (prepared as described in 
J. Org. Chem. 1990, 55, 69) was converted into 16-2 utilizing the 
5 procedure previously described for tiie conversion of 1-4 to 1-6 . 
IH NMR (300 MHz, CD3OD) 5 8.20 (d, IH, J=3Hz), 8.18 (d, IH, 

J=2Hz),7.50 (s, IH,), 4.51 (m,lH,), 3.90 (s, 3H), 2.87 (m, 2H, ), 1.37 (m, 
9H). 

10 3fSSVf5-Methoxv-pvridin-3-vlV3-(2-oxo-3-r3-(F;.6-7.8-t^trahvdro- 

ri .81naphthvridin-2-vl)-propv11-i mifiaTinli din-l-vl>-prot)ionic acid ethyl 
ester (16-3) 

Th4 title compound 16-3 was prepared from 2-9A and 16-2 
using the procedure described in Scheme 2. 
15 TLC Rf = 0.27 (siUca, 70:20:10 chloroform/ethyl acetate/MeOH) 

IH NMR (300 MHz, CDCI3) 5 8.23 (d, IH, J=3H2), 8.15 (s, IH), 7.22 (s,lH), 
7.02 (d, IH, J=7Hz), 6.33 (d, IH, 7Hz), 5.46 (t, IH, J=8Hz), 4.78 (s, IH), 
4.11 (m, 2H), 3.84 (s, 3H), 3.30 (m, 6H), 3.00 (m, 2H), 2.67 (t, 2H, J=6Hz), 
2.52 (m, 2H), 1.85 (m, 6H),1.23 (m, 3H). 

20 

3fS)-(5-HvdroxY-ry"'f'^"-3-vl)-3-(2-oxo-3-r3-(5.6.7.8-tetrahvdro- 
ri.81naphthvridin-2-vl)-proPY ^1-^T^Tda9:n1if1iT;>,- l-vl}-propiopic add ethvl 
ester (16-4) 

To a stirred solution of 16-3 (200 mg, 0.4278mmol) and 
25 ethanethiol (0.5ml) and CH2CI2 (3 ml) was added AICI3 (570mg, 4.28 
mmol). After 1.0 hour, the reaction was quenched with sat. NaHC03. 
Ethyl acetate was added, and the reaction mixture was then purged with 
eirgon for 1.0 hour. The organic layer was separated, washed with 
brine, dried (MgS04) and then concentrated to give the phenol 16-4 as a 

30 yellow oil. 

TLC Rf= 0.22 (siHca, 70:20:10 chloroform/ethyl acetate/MeOH) 
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f1 ,fi1naphthvridin-2-vl)-prnpv)1-iTniHa7n1iHin-1-vll-Dropin nic acid (16-5) 
The title compound 16-5 was prepared from 16-4 by basic 
hydrolysis using the procedmre described in Scheme 2. 
5 TLC Rf - 0.39 (silica, 10:1: 1 EtOH/water/NH40H). 

iH NMR (300 MHz, CD3OD) 5 8.01 (m, 2H), 7.46 (d, IH, J=7Hz), 7.20 (s, 
IH), 6.53 (d, J=8 Hz, IH,), 5.49 (m, IH), 3.51-3.68 (m, 2H), 3.46 (t, 2H, 
5Hz), 3.19 (m, 2H), 3.00 (m, 2H), 2.52-2.78 (m, 6H), 1.92 (m,4H). 



SCHEME 17 

H 




IM 17-2 

10 

3(SVfEthvnvl)-3-(2-oxo-3-r3-(5.6.7.8-tetrahvdrn-n.81naphthvridin-2-vl)- 

prnp yT|-iTniH^zQlidin-l-vl)-propiomc acid (17-2) 

The title compound 17-2 was prepared from 2-9A and 17-1 
15 (for preparation see JA. Zablocki, et.al., J. Med. Chem. 1995, 38, 2378- 

2394) using the procedure described in Scheme 2. 

TLC Rf=: 0.32 (sihca, 15:10:1:1 ethyl acetate/EtOH/water/NH40H). 

iH NMR (300 MHz, CD3OD) 5 7.45 (d, J=7Hz, IH), 6.53 (d, J=8 Hz, IH), 

5.15 (m, IH), 3.31-3.70 (m, 7H), 2.55-2.85 (m, 7H), 2.35 (m, IH), 1.88 -2.15 
20 (m, 4H). 
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2fS)-BenzenesuIfon vlaTnin o-3-(2-oxo-3-r3-(5.6.7.8-tetrahvdro- 
ri.81naphthvridin-2-vl)- prnpYl1-iTTii dazolidin-l-vl)-propionic acid ( 18-2) 
The title compound 18-2 was prepared from 2-9A and 18-1 
(for preparation, see Scheme A substituting phenylsulfonyl chloride for 
5 4-iodophenylsulfonyl chloride) using the procedure described in Scheme 
2. 

TLC Rf = 0.23 (siHca,15:10:l:l ethyl acetate/EtOH/water/NH40H). 
iH NMR (300 MHz, CD3OD) 5 7.81 (m, 2H,), 7.36 (m, 3H), 7.10 (d, IH, 
J=8Hz), 6.37 (d, IH, J=7Hz), 3.61 (m, IH,), 3.36 (m, 2H), 3.02 M3.18 (m, 
10 6H), 3.00 (m, 2H), 2.68 (t, 2H, J=6Hz), 2.50 (m, 2H), 1.79 ^1.90 (m, 4H). 



SCHEME 19 

H 




19-2 



■q.ATn4nn-pent-4-enoic acid eth vl ester (19-1) 
15 A mixture of 5% Pd/BaS04 (0.025 g) and qtiinoline (0.30 mL) 

was stirred xmder a ballon of hydrogen for 30 minutes. 3-Amino-pent-4- 

ynoic add ethyl ester 17-1 (1.77 g, 10.0 mmol) in EtOH (15 mL) was added 
■ and the solution stirred for an additional 2.5 hours. The solution wets 

filtered through a pad of ceHte and concentrated in vacuo to provide 2.65 
20 g of crude product 19-1 . 
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IH NMR (CDQa, 300 MHz): 5 8.40-7.60 (br s, 2H), 6.11-5.96 (m, IH), 5.58- 
5.53 (d, IH), 5.44-5.41 (d, IH), 4.31-4.16 (m, 3H), 3.12-2.86 (m, 2 H), 1.29- 
1.25 1, 3H). 

5 3(S)-(2-Oxo-3-r3-(5.6.7.8-tetrahvdro-ri.81nar)hthvridin-2-vl)-propvll- 
imirlgizn1iHm-l-vl}-pent-4-enoic acid (19-2) 

The title compound 19-2 was prepared from 2- 9 A and 19-1 
using the procedure described in Scheme 2. 

iH NMR (CDCI3, 300 MHz): 5 11.1 (s, IH), 7.21-7.19 (d, IH), 6.26-6.23 (d. 
10 IH), 5.91-5.78 (m, IH), 5.22-5.00 (m, 3H), 3.79-3.16 (m, lOH), 2.77-2.33 (m, 
5H), 2.06-1.80 (m, 4H). 
MS (FAB) 359 (M+1) 
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SCHEME 80 

XJ XJ 

20-1 20-2 



DIPEA,AcOH 

Bi^ .N. ^ ^NHR NaCNBH3 Br^ ^N, 





2Q=a,R = BOC ^^^^ S ^^ = ^^BOCO. 

2Q^R=NH2.Ha-^ ''''' 2Q^R=BO(/ ™F 




2)EDC,HOBT ^ O 

KMM 



MeNHOMe-HCl 



AcOH, NaOAc, 

NaCNBHa, 

isopropanol 



2fl=I 20-8 



H 

15-8 B'^v^N;s.^^-..^,^,,^-^N^^^^^ 



EtO' 

2a=a,R«Boc 

" p-TSA,CH2Cl2 

20-10, R= H 



:> 
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SCH EME 20 (C QNTINUEP) 



H 




p-nitFophenylchloroformate, 
DIPEA, CH2CI2, dioxane 




4-niethoxybeiizylaxDiiie, DPPP, 
Pd(DBA)2, NaOtBu, toluene 
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r3-(6-Bromo- -pY^^^Ti- 2-vl)-Dropvl1-f2--oxo-ethvlVcarbainic acid tert-hutvl 
ester (20-2) 

A solution of 2,6-dibromopyridine 20-1 (111 g, 468 mmol) and 
N-BOC-propargylamine (80.0 g, 515 mmol) in 500 ml of triethylamine at 
5 0°C was treated with copper(I) iodide (2.23 g, 11.7 mmol). The mixture 
was purged with argon and then dichlorobis(triphenylphosphine)- 
palladivim(II) (8.22 g, 11.7 mmol) was added. The solution was stirred at 
0°C for one hour, then at room temperature for 16 hours. The solution 
was diluted with 250 mL ether and washed with H2O (4 X 100 mL). The 
10 organic extract was washed with brine and dried over Na2S04. The 
solvents were removed in vacuo and the crude product was purified by 
silica gel chromatography (25% EtOAc/hexane) to afford 20-2 . 
IH NMR (CDCI3, 300 MHz): 5 7.53-7.34 (m, 3 H), 4.82-4,80 (br s, 1 H), 4.18- 

4.17 (d, 2 H), 1.46 s, 9 H). 

15 

3-(2-(r3-(6-Bromo-pvridin-2-vl)-t>ropvl1-ter^butoxvcarbony1-amirin). 
ethvlamino) (20-3) 

To a solution of 20^ (79.8 g, 257 mmol) in 350 mL of ethanol 
and triethylamine (26.8 mL, 193 mmol) was added platintxm(IV) oxide 
20 (2.91 g, 12.8 mmol). After stirring imder a hydrogen atmosphere for 4 
hours, the solution wais filtered through a pad of celite and concentrated 
in vacuo. The crude product was dissolved in EtOAc (200 mL) and 
washed with H2O (4 X 250 mL) and brine (250 mL), dried over Na2S04, 

filtered, and concentrated in vacuo. The crude material was purified by 
25 silica gel chromatography (10% EtOAc/CHCl3) to afford 20-3 . 

IH NMR (CDCI3, 400 MHz): 5 7,48-7.42 (t, 1 H), 7.32-7.29 (d, IH), 7.13-7.10 
(d, IH), 4.71-4.70 (br s, 1 H), 3.18-3.09 (m, 2 H), 2.82-2.77 (t, 2 H), 1.96- 
1.85(m, 2 H), 1.44 (s, 9 H). 

30 3-f6-Bron in-pYTndin-2-vl,VprnpYlaTn ine •hvdro chloride (20-4) 

A solution of 20-3 (3.33 g, 10.5 mmol) in EtOAc (150 mL) was 
saturated with HCl gas and stirred at room temperature for 2 hours. 
The solvent was removed in vacuo to provide 20-4 . The crude product 
was vised in the next step wihout further purification. 

35 
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f3-f6-Bromo-pYrir^iri-2-vl)-propy1aTnino1-acetic acid ethy l ester (20*5) 

A solution of 3-(6-bromo-pyridin-2-yl)-propylaimne 20A (25.6 
g, 89.1 mmol), diisopropylethylamine (46.5 mL, 267 mmol), acetic acid 
(28 mL, 490 mmol), and ethyl glyoxylate (10.9 g, 107 mmol) in 200 ml of - 
5 methanol was stirred at room temperature for one hour. A IM solution 
of NaCNBHa in THF (98.0 mL, 98,0 mmol) was added slowly with a 

syringe pump over 4 hours. The resulting solution was stirred for 12 
hotirs, after which the solvent was removed in vacuo and the residue 
taken up in chloroform and filtered. The solution was then washed with 
10 10% Na2C03, dried over Na2S04, and the solvent removed in vacuo to 
give the crude amine. The crude product was purified by siUca gel 
chromatography (7% MeOH/CHCla) to give 20-5 in a 3:2 mixtiure of ethyl 

and methyl esters. 

IH NMR (CDCI3, 300 MHz) 5 7.47-7.42 (t, IH), 7.31-7.27, (t, IH), 7.13-7.10 
15 (d, IH), 4.20-4.14, (m, 2H), 3.39 (s, 2H), 2.85-2.75 (m, 2H), 2.68-2.63 (t, 2H), 
1.96-1.88 (m, 2H), 1.29-1.24 (m, 3H). 

(r3-f6-Bromo-Pvridin-2-vl)-propvl1-tert-butoxvcarbonvl- flTriinoT-acetic acid 
fithvl ester (20-6) 

20 To a solution of [3-(6-bromo-pyridin-2-yl)-propylamino]- 

acetic acid ethyl ester 20-5 (17.6 g, 58.6 mmol) in THF (200 mL) was added 
di-tertbutyldicarbonate (15.3 g, 70.3 mmol). After stirring at room 
temperature for 16 hours, the solvents were removed in vacuo. The 
product was purified by siHca gel chromatography (5% MeOH/CHCl3) to 

25 give 20:6. 

IH NMR (CDCI3, 300 MHz) 5 7.47-7.42 (m, IH), 7.32-7.28 (t, IH), 7.16-7,10 
(t, IH), 4.22-4.15, (q, 2H), 3.95-3,85 (d, 2H), 3.38-3.29 (m, 2H), 2.80-2.75 (t, 
2H), 2.03-1.91 (m, 2H), 1.46-1.44 (m, 9H), 1.31-1.23 (m, 3H). 

30 r3-f6-Bromo-PVTidin-2-vD-propvl1-r(methoxv-metb Yl-^ar'baTnQvl)-methvl1- 
r-arhaTTiic add tert-hMtvl ester (20-7) 

To a solution of 20-6 (23.4 g, 58.4 mmol) in ethanol (200 mL) 
was added NaOH (100 mL IM solution in water, 100 mmol). After 
stirring for 1 h at 50^C, HCl (10.3 mL 12 M, 4.75 mmol) was added in 50 

35 mT. EtOH, and the mixture evaporated to give an oily residue. The 
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residue was evaporated from ethanol three times, and then from 
acetonitrile three times, producing a yellow crusty solid which was dried 
imder a vacuum of <2 Tmn Hg for 2 h. This residue was then slurried in 
acetonitrile (180 mL) and chlorofonii (180 mL), and NMM (41.7 mL, 379 
5 mmol), N,0-dimethylhydroxylamine hydrochloride (11.9 g, 122 mmol), 
HOBT (10.2 g, 75.9 mmol), and EDO (14,5 g, 75.9 mmol) were added. 
After stirring for 15 h, the mixture was evaporated to dryness, the 
residue slurried in EtOAc, washed with sat. NaHCOs, brine, and dried 
over Na2S04. Evaporative removal of the solvent followed by evaporation 
10 from toluene to remove the residual NMM gave 20-7 as a yellow oil. 
TLC Rf = 0.49 (silica, 70:25:5 chloroform/ethyl acetate/methanbl) 
iH mm (CDCI3, 300 MHz) 5 7.48-7.41 (m, IH), 7.32-7.28 (t, IH), 7.17-7.11 
(t, IH), 4.14 (s, 2H), 3.73-3.70 (d, 3H), 3.39-3.30 (m, 2H), 3.18 (s, 3H), 2.80- 
2.75 (t, 2H), 2.02-1.91 (m, 2H), 1.45 (m, 9H). 

15 

["a-ffi-BrQmo-pvridin-2-vlVpropvn-f2-oxo-ethvl)-car baTnin acid tert-hntvl 
ester (20-8) 

To a stirred solution of 20i (14.9 g, 35.7 mmol) and THF (100 
ml) at -78°C was added DIBAL (l.OM/hexanes, 53.6 ml, 53.6 mmol) 

20 dropwise over 20 minutes. After 1 h, the mixture was warmed to RT and 
quenched by the careftd addition of 20 mL MeOH. 200 ml of 1.0 M 
Rochelle's salt was then added followed by the removal of the cooling 
bath. The mixture was stirred for 1.0 hour and then diluted with Et20. 
After another 30 minutes of stirring, the organic portion was separated 

25 and dried over MgS04. Evaporative removal of the solvent gave the 

crude aldehyde 20-8 as a colorless oil. 

iH NMR (CDCI3, 300 MHz) 5 9.59-9.56 (d, IH), 7.48-7.43 (t, IH), 7.32-7.26 
(m, IH), 7.14-7.07 (m, IH), 3.53-3.26 (m, 4H), 2.80-2.72 (m, 2H), 2.00-1.93 
(m, 2H), 1.44 (s, 9H). 

30 . 

.^-f.^-EthQxv-pvridin-3-vlVpr oTOonic acid tert-butvl ester (20-9) 

A mixture of the crude aldehyde 20-8 (0.671 g,.1.88 mmol), 
amine 15-8 (0.651 g, 2.44 mmol), acetic add (0.107 mL, 1.88 mmol), 
NaOAc (1.54 g, 18.8 mmol), and powdered molecxalar sieves (1.20g) in 2- 
35 propanol (15 mL) was stirred for 20 minutes. The mixture was cooled to 
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hours, the pH of the mixture was adjusted to -2 with IN HCl. The 
solution was stirred for an additional 10 minutes, ethyl acetate (20 mL) 
was added; and the pH was adjusted to -11 with 10% potassium 
carbonate. The organics were extracted with ethyl acetate, dried over 
Na2S04, and removed in vacuo. The residue was chromatographed 
(siHca gel, [70:25:5 CHCl3/EtOAc/MeOH]) to give 20:9 as a yellow oil in 
95% yield. 

iH NMR (CDCI3, 300 MHz): 5 8.19-8.18 (d, IH), 8.14-8.13 (d, IH), 7.48-7.42 
(t, IH), 7.32-7.26 (m, IH), 7.23-7.20 (m, IH), 7.11-7.08 (m, IH), 4.16-4.02 
(m, 3H), 3.30-3.18 (m, 4H), 2.74-2.45 (m, ,7H), 1.92-1.86 (t, 2H), 1.45-1.38 
(m, 21H). 

.S-(2-r3-f6-Brnmo-PvridiTi-2-v1Vpr ^PYlaTTiino1-ptliy1aTriinnl-.SfRVf5-ethoxv- 
pvridin-3-vlVpropionic acid ter^-butvl ester (20-10) 

To a solution of 3-(5-ethoxy-pyridin-3-yl)-propionic add tert- 
butyl ester 20-9 (0.085g. 0.141 mmol) in dichloromethane (5 mL) was 
added p-toluenesulfonic acid (0.161 g, 0.847 mmol). The mixture was 
stirred for 2 homrs at room temperature and was then neutrahzed with 
IN NaOH. The organic layer was extracted (3 X 25 mL) with CHCI3, 
dried, and concentrated in vacuo. The crude product 2QJ^ was not 
purified (0.069 g, 96% yield). 

iH NMR (CDCI3, 300 MHz): 8 8.23-8.21 (m, 2H), 7.45 (s, IH), 7.40-7.35 (m, 
IH), 7.28-7.25 (t, IH), 7.04-7.01 (d, IH), 6.28 (br s, 2H) 4.39-4.33 (t, IH), 4.00- 
3.92 (q, 2H), 3.40-3.35 (m, 2H), 3.28-3.22 (m, IH), 3.15-2.90 (m, 4H), 2.79- 
2.71 (m, 3H), 2.14-2.01 (m, 2H), 1.34-1.26 (m, 12H). 

3-(3-r3-f6-Bromo-Pvridin-2-vl)-prop Yll-^-n-gn.imir1fl^n1iHin-1-vH-3fSVf5- 
ethQXV-Pvridin-3-vl')-prnpiomc ad d ter^butvl ester (20-11) 

To a stirred solution of 20-10 (0.80 g, 1.57 mmol) and di- 
isopropylethylamine (0.823 mL, 4.72 nunol) in dichloromethane (10 mL) 
at O^C was added p-nitrophenyl diloroformate (0.333 g, 1.65 mmol). The 
solution stirred for 30 minutes and dioxane (10 mL) was added, then 
refluxed for 4 hours. EtOAc (100 mL) was added and the organics were 
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washed with 10% K2CO3, dried, and concentrated in vacuo. The residue 
was chromatographed (silica gel, [70:20:10 CHCI3/ EtOAc/ MeOH]) to 

give SHI. 

iH NMR (COas, 400 MHz) 5 8.22-8.18 (dd, IH), 8.14-8.13 (t, IH), 7.46-7.37 
5 (m, IH), 7.31-7.24 (m, IH), 7.20-7.16 (m, IH), 7.11-7.09 (d, IH), 4.09-4.04 (q, 
2H), 3.34-3.16 (m, 5H), 2.99-2.87 (m, 2H), 2.77-2.69 (m, 2H), 2.63-2.46 (m, 
2H), 1.97-1.88 (m, 2H), 1.44-1.37 (m, 12H). 
MS M+1 = 533.3 

10 3rS)-r5-Eth "vy-r Yr'' f>^r>-^-vl Va-f 3- (S-re-f 4-methoxv- ^ffn Tyl fl mi nn't-p vriHin-2- 
Yn-prnpvl>-2-o -g9-^TP^f^« zolidin-l-vl)-propion ic acid tert-hutvl ester (20-12) 

To a stirred solution of 20-11 (0.075 g, 0.142 mmol) in toluene 
(3 mL) was added Pd(DBA)2 (0.0041 g, 0.0071 mmol), DPPF (0.0039 g, 

0.0071 mmol), and NaOi-Bu (0.0163 g, 0.170 mmol) followed by 
15 p-methoxybenzylamine (0.0204 mL, 0.156 mmol). The resulting solution 
was heated at 110°C for 2 hours. The solution was cooled and the solvent 
was removed in vacuo. The product was purified by silica gel 
chromatography (10% EtOH/EtOAc) to give 20-12 . 

iH NMR (CDCI3, 400 MHz) 5 8.21-8.20 (d, IH), 8.14-8.13 (d, IH), 7.33-7.25 
20 (m, 3H), 7.19-7.17 (t, IH), 6.87-6.84 (d, 2H), 6.45-6.43 (d, IH), 6.21-6.18 (d, 
IH), 5.48-5.42 (t, IH), 5.26 (br s, IH), 4.38-4.37 (d, 2H), 4.09-4.01 (q, 2H), 
3.79 (s, 3H), 3.31-3.18 (m, 5H), 3.07-2.87 (m, 3H), 2.63-2.58 (t, 2H), 1.95-1.84 
(m, 2H), 1.49-1.39 (m, 12H). 

25 .^fvS)-r5-EthQx v-pvridin-3-vl)-3-(3-(3-r6-f4-methoxv-benzvlamino)-Pvridin-2- 
vn-propvl)-2-mrn-iTnidazolidin-l-vl)-propionic acid (20-13) 

To a stirred solution of 20-12 (0.028 g, 0.047 mmol) in 
dichloromethane (10 mL) was added TFA (1 mL). After 1 hour, the 
solvent was removed in vacuo and azeotroped twice with toluene (15 mL). 

30 . The residue was chromatographed (silica gel, 25:10:1:1 followed by 
15:10:1:1 ethyl acetate /EtOH /water/NH40H) to give 20-13 as a white 

solid. 

iH NMR (CDCns, 400 MHz): 5 8.21-8.20 (d, 2H), 7.50-7.46 (t, IH), 7.31-7.26 
(m, 2H), 7.19 (s, IH), 6.88-6.85 (d, 2H), 6.42-6.40 (d, IH), 6.34-6.32 (d, IH), 
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2H), 1.44-1.41 (t,3H). 
MS(FAB)534(M+1) 

q-(5t. f.q.(fi-Amino-pvridin-2-vD-DroDvl1-2-oxo4m idazolidin-l-vl]-3(S)-(5- 
ptTinTV-pviitiin-3-vD-pr npinnic add (20-14) 

To a stirred solution of 20-13 (0.031 g, 0.052 mmol) in 
dichloromethane (10 mL) was added TFA (1 mL). The solution was 
stirred for 16 hours at SS^C. after which the solvent was removed in 
vacuo and azeotroped twice with toluene (15 mL). The residue was 
chromatographed (siHca gel, 15:10:1:1 followed by 10:10:1:1 ethyl acetate 
/EtOH /water /NH4OH) to give 20-14 as a white solid. 
iH NMR (CD3OD, 400 MHz): 5 8.13-8.10 (m, 2H), 7.59-7.54 (t, IH), 7.38- 
7.35 (m, IH), 6.60-6.57 (d, 2H), 5.53-5.47 (q, IH), 4.15-4.09 (q, 2H), 3.64-3.57 
(m, IH). 3.47-3.41 (m, IH), 3.28-3.21 (m, 2H), 3.07-2.90 (m, 3H), 2.76-2.61 
(m, 3H), 2.02-1.83 (m, 2H), 1.42-1.38 (t, 3H). 
MS(FAB)414(M+1) 
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Scheme 21 
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SCHEME 21 fCONTINUED^ 



21-9 




21-11 



a-BrQmo-6-chloro-5-nitropvriH irift (21 -2^ 

A suspension of CuCl2 (3.33 g, 24.8 mmol) in anhydrous 
5 CH3CN (200 mL) at 65° was treated with tert-butyhiitrite (3.13 mL, 26.3 

mmol), followed by the dropwise addition of a solution of 21-1 in 60 ml of 
CH3CN. The resulting mixture was stirred imder an argon 
atomsphere at 65° for 2 h and concentrated at reduced pressure. The 
residue was partitioned between EtOAc (150 mL) and 3% HCl (60 ml), 

10 and the organic layer washed successively with 3% HCl, water, and 
brine (60 mL), then dried, filtered and concentrated to afford a brown 
solid which was chromatographed on silica (25% EtOAc/Hexane) to 
• afford 21-2 as a yellow crystaline solid. 
TLC Rf = 0.60 (25% EtOAc/ Hexane) 

15 iH NMR (300 MHz, CDCI3) 5 8.70 (d, J=2.4 Hz, IH), 8,37 (d, J=2.4 Hz, IH). 

f3-Nitro-5-brQmo-pvridin-2-vloxv)-acetic acid methvl ester (21-3) 
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Methyl glycolate (450 mg, 5.05 minol) was added to a 
suspension of 60% NaH (131 mg, 55 mmol) in THF (20 mL) at 0°. The 
resulting solution was stirred under argon for 0.5 h, then treated with a 
solution of 21-2. After stirring at 0° for 0.5 h, the reaction was diluted 
5 with ethyl acetate, and washed with successively with sat. NaHC03, 

water and brine (80 mL each), then dried, filtered and concentrated to 

afford 21-3 as a yellow solid. 

TLC Rf = 0.70 (25% EtOAc/ Hexane) 

iH NMR (300 MHz, CDCI3) 5 8.46 (d, J= 2.4 Hz, IH), 8.37 (d, J= 2.4 Hz, 
10 IH) 5.15 (s, 2H), 3.78 (s, 3H). 

2- Oxo-2.3-dihvdro-lH-4-oxa-1.5-diaza-7-bromo-naphthalene (21-4) 

A mixture of 21-3 (1.5 g, 5.12 mmol) and powdered tin (1.37 
g, 11.5 ramol) was treated with cone. HCl (10 mL). The mixture was 
15 heated to 80° for 2 h, then cooled and concentrated. The residue was 
partitioned betwen CHCI3 and sat. NaHCOs, washed with brine, then 

dried, filtered and concentrated to afford a yellow sohd. 
Chromatography on siHca gel (50% hexane/EtOAc) gave 21-4 as a yellow 
solid. 

20 TLC Rf = 0.65 (50% EtOAc/ Hexane) 

IH NMR (300 MHz, DMSO-de) 5 10.81 (br,s, IH), 7,88 (d, J=2.4 Hz, IH), 

7.25 (d, J=2.4 Hz, IH), 4.81 (s, 2H). 

3- (2-Oxo-2.3-dihvdrQ-lH-4-oxa-1.5-dia2a-naphthalen-7-vl)-acrvhc acid 
25 ter^-butvl est er (21-5). 

A mixture of 21-4 (1.12 g, 4.89 mmol), (o-tol)3P (298 mg, 1.0 
mmol), Pd(OAc)2 (110 mg, 0.49 mmol), and triethylamine (0.86 mL, 5.87 
mmol) in DMF (20 mL) was placed in a 100-mL flask. The mixture was 
degassed with argon, then tert-butyl acrylate (752 mg, 5.87 mmol) was 
30 added and the tube sealed and heated to 100° for 12 h. The reaction 
mixture was diluted with ethyl acetate, filtered and washed with 
NaHCOs, water, and brine, dried, filtered and concentrated. 

Chromatography on siUca gel (25% hex/EtOAc) gave 21-5 as a yellow 
solid. 

35 TLC Rf = 0.60 (25% EtOAc/ Hexane) 
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1H NMR (300 MHz, DMSO-de) 5 10.91 (br,s, IH). 8.15 (d, J=2.4 Hz, IH), 
7.54 (d, J=16 Hz, 1 H), 7.42 (d, J= 2.4 Hz, IH), 6.35 (d, J=16 Hz, 1 H), 4.84 
(s, 2H), 1.48 (s, 9H). 

5 .'^fSVrBenzvl-(l(fi Vpliftnv1pt.Tiv1VflTnin o1-3-(2-oxo-2.3-dihvdro-lH-4-oxa-1.5- 
diaza-naphthalen-7-vl)-propioDic add ^ert-butvl ester (21-6) 

A solution of N-ben2yl-a-(i2)-methylbenzylarQine (0.82 g,3.87 
mmol) in THF (25 mL) at 0°C was treated with n-BuLi (1.6 mL of a 2.5 M 
soln in hexanes). The restdting solution was stirred at CC for 30 rnin 
10 and then cooled to -78*'C. A solution of acrylate 21-5 (0.485 g, 1.76 mmol) 
in THF (5 mL) was added. After stirring for 15 min at -78*'C, satd aq 
NH4CI soln (5 mL) was added and tiie cold bath removed. The mixtiire 
was warmed to room temperature, and extracted with Et20 (2 x 40 mL). 

The combined organic extracts were washed with brine (30 mL), dried 
15 over MgS04, filtered, and concentrated. The residue was purified by 
flash chromatography (40% ethyl acetate/hexanes) to give the p- 
aminoester 21-6 as a yellow oil. 
TLC Rf = 0.3 (40% ethyl acetate/hexanes) 

iH NMR (300 MHz, CDCI3) 5 IH NMR 8.70 (br, s, IH), 7.91 (d, J=1.8 Hz, 
20 1H),7 .4-7.2 (lOH), 7.12 (d, J=1.8 Hz, IH), 4.80 (s, 2 H), 4.42 (m, IH), 3.91 (q, 
J=6.7 Hz, 1 H), 3.69 (d, J=7.2 Hz, IH, ), 3.62 (d, J =7.2 Hz, IH, ), 2.46 (m, 
2H), 1.34 (d, J=7.0 Hz, 3H), 1.29 (s, 9H). 

.qrSVATninn-3-f2-oxo-2.3-dihvdro-lH- 4-oxa-1.5-diaza-naphthalen-7-vl)- 
25 propionic add tert-hutvl ester (21-7) 

A mixture of the dibenzylamine 21-6 (0.22 g, 0.44 mmol) in 
EtOH/H20/AcOH (26 mL/3 mL/1.0 mL) was degassed with argon and 
treated with Pd(0H)2 (100 mg). The mixture was placed under 1 atm of 
H2. After stirring for 18 h, the mixtxire was diluted with EtOAc and 

30 . filtered through ceUte. The filtrate was concentrated and the residue 
purified by flash chromatography (20% 20:1:1 EtOH/NH40H/H20 - 80% 

EtOAc) to give the te/t-butyl ester 21-7 as a white soHd. 
TLC Rf = 0.5 (20% 20:1:1 EtOH/NH40H/H20 - 80% EtOAc) 
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iH NMR (300 MHz, CD3OD) 5 7.89 (d, J= 1.7 Hz, IH), 7.31 (d, J=1.7 Hz, 
IH), 4.81 (s, 2H), 4.38 (m, IH), 2.6, (m, 2H), 1.41 (s, 9H). 

3fRVrBen2vl-fl-phenvleth vn-aminn- )-3(S)-f2-thinxo-2,3-Hihvdro-lH-4-nTa- 
5 1.5-diaza-naT3hthalen-7-vl)-pr opiomc arid tert. butyl ester (21-8) 

A solution of 21-6 (0.22 g, 0.44 mmol ) in anhydroiis THF 
was treated with Lawesson's reagent (0.098 g, 0.243 mmol) and stirred at 
room temperature for 1.5 h. Silica gel (500 mg) was added to the reaction 
mixture and the solvent was removed at reduced pressure and the 
10 product was eluted from siHca using 25% EtOAc/hexane to afford 21-8 as 
a yellow solid. 

TLC Rf = 0.7 (40% EtOAc/hexane) 

iH NMR (300 MHz, CD3OD) 5 9.82 (br, s, IH), 7.95 (d, J=1.8 Hz, 1H),7.4- 
7.2 (IIH), 5.08 (s, 2 H), 4.42 (m, IH), 3.91 (q, J=6.7 Hz, 1 H), 3.69(d, J=7.2 
15 Hz, IH, ), 3.62 (d, J =7.2 Hz, IH), 2.46 (m, 2H), 1.34 (d, J=7.0 Hz, 3H), 1.29 
(s, 9H). 

■^rS'>-ATmTi o-3-(2.3-dihvdro-lH-4-oxa-1.5-diaza-naphthaleTi-7-vlVprnninmr 
acid terf-butvl ester (21-9) 

20 A solution of 21-8 (1.0 g, 1.9 mmol) in anhydrous Et20 (10 

mL) at 0° was treated dropwise with LiAlH4 (2.09 ml of a 1.0 M solution 
in Et20). The resulting solution was stirred at 0°C for 30 min and then 
quendied by the sequential addition of H2O (0.3 mL), 15 % NaOH (0.08 
mL). Celite (1 g) was added and the mixture filtered through a Cehte 

25 pad. The filtrate was evaporated and the residue was purified by fleish 
chromatography (65% ethyl acetate/hexanes) to give the dibenzylamine 
intermediate as a yellow oil. 
TLC Rf = 0.4 (65% ethyl acetate/hexanes) 

iH NMR (300 MHz, CDCI3) 5 IH NMR 7.61 (d, J=1.8 Hz, lH),7.4-7.2 (lOH), 
30 6.87 (d, J=1.8 Hz, IH), 4.41 (m, 2 H), 4.36 (m, IH), 3.91 (q, J=6.7 Hz, 1 H), 
3.8 (brs, IH), 3.69 (m, 2H), 3.42 (m, 2H), 2.46 (m, 2H), 1.34 (d, J=7.0 Hz, 
3H), 1.29 (s, 9H). 

This material was deprotected with Pd(0H)2 in ethanol to afford 21-9 as a 
white soHd. TLC Rf = 0.5 (20% 20:1:1 EtOH/NH40H/H20 - 80% EtOAc) 



- 155 - 



wo 99/31099 PCTAJS98/26568 



iH NMR (300 MHz, CD3OD) 5 7.59 (d, J=1.7 Hz, IH), 6.92 (d, J=1.7 Hz, 
IH), 4.41 (m, 2H), 4.30 (m, IH), ), 3.41 (m, 2H), 2.6, (m, 2H), 1.41 (s, 9H). 

.qf.SVf2-QyQ-2.3-dihvdro-lH-4-oxa-1.5-diaza-naphthalen-7-vD-3-(2-oxo-3-r3- 
5 f 5 ■6.7.8-te trahvdro-ri.81naT3h thvridiii-2-vl)propvn- iTni<^ a v.nM Hin-1 - 
vUpropion ic acid (21-10') 

The title compovmd 21-10 was prepared from 2-9A and 21-7 
using the procediire described in Scheme 2. 
High resolution MS Calc'd.=418.2198, Obs'd = 481.2193. 

10 

3fSV(2.3-Dihvdro-lH-4-oxa-1.5-diaza-napht halen-7-vD-3- (2-oxo-3-r3- 
ff;fi.7.8-tetrahvdro-ri.81naphthvrid in-2-vl)propvn-imidaz olidin-l- 
vlTpropionic acid" (21-11) 

The title compound 21-11 was prepared from 2-9A and 21-8 
15 using the procedure described in Scheme 2. 

High resolution MS Calc'd.=467.2417, Obs'd = 467.2401. 
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Scheme 22 




22i5 22=0. 



3-OxQ-3.4-dihvdro-2H-l-oxa-4.5-diaza-7-bromo-naphthalene (22-2') 

A solution of (4.8 g, 32 mmol) in MeOH (160 mL) at -15° 
was treated dropwise with bromine (25.7 g, 161 mmol). After stirring at 
5 -15° for 0.5 h, the mixture was warmed to ambient temperature and 
. stirred overnight. The resulting white precipitate was filtered and 
washed with cold MeOH to afford 22-2 as a white solid. 
TLC Ef = 0.65 (50% EtOAc/ Hexane) 

iH NMR (300 MHzJDMS0-d6) 5 11.2 (br s, IH), 8.05 (d, J= 2.4 Hz, IH), 7.66 
10 (d, J= 2.4 Hz, IH), 4.76 (s, 2H). 
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prn pinnie ad t^ tprt-hytvl ester (22-3) 

Bromide "22-2 was converted to amino ester 22:^ as 

5 illustrated in Scheme 21. 

TLC Rf = 0.5 (12% 20:1:1 EtOH/NH40H/H20 - 88% EtOAc) 

IH NMR (300 MHz, CD3OD) 5 8.04 (d, J= 1.7 Hz, IH), 7.34 (d, J=1.7 Hz, 

IH), 4.76 (s, 2H), 4.38 (m, IH), 2.6, (m, 2H). 1.41 (s, 9H). 

10 q (g)-ATninn-3-(3-nvn-.^4-dihvdr n-9-H-1-nya-4.5-di?^7a-nRT)btha1en-7-Yl)- 

P^/^l^i nn^r arid ^erf-b ntvl ester (224) 

Bromide 22^ was converted to amino ester 224 as 

illustrated in Scheme 21. 

TLC Rf = 0.5 (20% 20:1:1 EtOH/NH40H/H20 - 80% EtOAc) 
15 IH NMR (300 MHz, CD3OD) 5 8.04 (d, J= 1.7 Hz, IH), 7.34 (d, J=1.7 Hz, 
IH), 4.76 (s, 2H), 4.38 (m, IH), 2.6, (m, 2H), 1.41 (s, 9H). 

<^ (g)-(.q-nYn-3.4-dihvdro-2H-l-oya4.5-diaz3 -nflphthalen-7-vl)-3-(2-pXQ-3-r^ 
(g a 7 p.f^fraV,vdrn-ri.8 l Tiaphthvridin-^-Yl)rrnpvn.imida70lidill-V 

20 Y* }P^"P^Q^ ^'' (22-5) 

The title impound 22-5 was prepared from 2:3A and 22:3 

using the procedure described in Scheme 2. 

High resolution MS Calc'd.=481.2198, Obs'd = 481.2194. 

25 ?^fS )-f.^4-^^ihvdrn-9■TT.^-nTa4■5 -dia7a-naDhtha^ftn-7-v^)-3-{2-oxo-3-r3- 
(t; , ft , 7 , «-ti^trahY'^rnJ^■S^napht bYridm-2-vl)pronvn-^Tn^dazoh(jin-^ 

yllprnpimiic acid (22-6) 

The title compound 2M was prepared from MA and 2M 
using the procedure described in Scheme 2. 
30 High resolution MS Calc'd.=467.2417, Obs'd = 467.2411. 
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yuro-r2.3-b 1pY^rlinP-5>carbQxaldehvde (23-2) 

A solution of alcohol 23-1 (M. Bhupathy, et al., JL 
5 Heterocvcl. Chem, 1995, 32, 1283-1287) was treated with excess Mn02 (10 

eq) and the mixture stirred at room temperature for 16 h, then filtered 
through Celite and evaporated to afford 23-2 as a white soHd. 
TLC Rf = 0.40 (25% EtOAc/Hexane) 
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iH NMR (300 MHz, CDCI3) 5 10.22 (s, IH), 9.05 (d, J= 1.8 Hz, IH), 8.27 (d, 
J=1.7 Hz, IH) 8.08 (d, J=1.8 Hz, IH), 7.10 (d, J=1.7 Hz, IH), 

.^-ATninn-3-ffiiror2.3-b1pvridin'5-vD-propioiiic acid ethvl ester (23-3) 
5 A solution containing aldehyde 23-2 (1.5 g, 10 mmol), ethyl 

hydrogen malonate (1.6 g, 20 mmol), and ammonium acetate (3.8 g, 50 
mmol) in anhydro\is ethanol (125 mL) was heated at reflux for 8 h. After 
cooling to room temperature, the solvent was evaporated and the residue 
partitioned between sat. sodiimi bicarbonate and EtOAc, the organic 

10 layer removed, dried, and concentrated. Chromatography of the residue 
afforded the amino ester 23-3 as a waxy soHd. 
TLC Rf = 0.5 (20% 20:1:1 EtOH/NH40H/H20 - 80% EtOAc) 
iH NMR (300 MHz, CD3OD) 6 8.34 (d, J=1.7 Hz, IH), 8.04 (d, J=1.7 Hz, 
IH), 7.72 ( d, J- 1.7 Hz, IH), 6,78 (d, J = 1.7 Hz, IH), 4.62 (m, IH), 4.13 (q, 

15 J=7.5 Hz, 2H), 3.20 (br, s, 2H), 2.76 (m, 2H), 1.23 (t, J= 7.5 Hz, 3H). 

3-Furor2.3-b1pvridin-6-vl-3-(2-oxo-3-r3-f5.6, 7.8-tetrahvdro- 
ri.81naphthvridin-2-vl)propvn iTniHfl7:nl7Hiri-1- yl)propionic acid (23-4) 

The title compound 23-4 was prepared from 2-9A and 23-3 
20 using the procedure described in Scheme 2. 

TLC Rf = 0.30 (50% 20:1:1 EtOHyNH40H/H20 -50% EtOAc). 

FAB MS Obs'd 450.1 (M+H). 

3-f2.3-Dihvdrofuror2,3-b1pvridin-6-vl)-3-f2-QXQ-3-r3-f5.6 -7,8-te^ 
25 ri.81naDh tbYTHHin- 2-vl)pronvl liTTiiHflrnl idin-l-vl)propionic acid (23-5) 
A solution of 2M (360 mg, 0.80 mmol) in MeOH (10 mL) 
was treated with 10% Pd/C (100 mg) and stirred tmder a hydrogen 
atmosphere for 18h- The catalyst was removed by filtration throtxgh 
celite and the residue chromatographed (75% 20:1:1 EtOH/NH40H/H20 - 

30 . 25% EtOAc) to afford 23-5 as a colorless glass. 

TLC Rf = 0.30 (50% 20:1:1 EtOH/NH40H/H20 -50% EtOAc) 

FAB MS Obs'd 452.2 (M+H). 
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Scheme 24 




2^ 



Fnrnr3.2-b1pvridi ne-5-carboxaldehvde (24-2) 

A solution of alcohol 24-1 (J.M. Hoffinan, Jr., US Patent No. 
5 4,808,595) was treated with excess Mn02 (10 eq) and the mixture stirred 
at room temperature for 16 h, then filtered through Celite and 
evaporated to afford 24-2 as a white solid. 

iH NMR (300 MHz, CDCI3) 5 10.18 (s, IH), 8.92 (d, J= 1.8 Hz, IH), 8.17 (d, 
J=1.7 Hz, IH) 7.89 (d, J=1.8 Hz, IH), 7.10 (d, J=1.7 Hz, IH). 
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3-ATninn-3-ffuror3.2-b1pvridin-5-vl)-propionic acid ethvl ester (24-3) 

A solution containing aldehyde 24-2 (1.5 g, 10 mmol), ethyl 
hydrogen malonate (1.6 g, 20 mmol), and gunmonium acetate (3.8 g, 50 
5 mmol) in anhydrous ethanol (125 mL) was heated at reflux for 8 h. After 
cooling to room temperatxire, the solvent was evaporated and the residue 
partitioned between sat. sodium bicarbonate and EtOAc, the organic 
layer removed, dried, and concentrated. Chromatography of the residue 
afforded the amino ester 24-3 as a waxy solid. 
10 TLC Rf = 0,5 (20% 20:1:1 EtOH/NH40H/H20 - 80% EtOAc) 

iH NMR (300 MHz, CD3OD) 5 8.58 (d, J=l,7 Hz, IH), 7.89 (d, J=1.7 Hz, 
1H),7.85( d, J- 1.7 Hz, IH), 6.98 (d, J = 1.7 Hz, IH), 4.62 (t, J= 7,2 Hz, IH), 
4.09 (q, J=7,5 Hz, 2H), 2.76 (m, 2H), 2.20 (br, s, 2H), 1.21 (t, J= 7.5 Hz, 3H). 

15 3-fFuror3.2-b1pvridin-6-vD-3-(2-oxo-3-r3-f5.6.7.8-tetrahvdro- 

ri.81naph tbYHdiri-2-Yl,)prnpYllimi dazn1iHin-l-vl}propionic acid (24-4) 

The title compound 244 was prepared from 2-9A and 24-3 
using the procedxire described in Scheme 2, 
TLC Rf = 0.56 (75% 20:1:1 EtOH/NH40H/H20 -25% EtOAc) 

20 High resolution MS Calc'd.=450.2117, Obs'd = 450.2136. 



3-f2.3-Dihvdrofiiror3.2-b1pvridin-6-vl)-3-(2-Qx o-3-r3-f5.6.7.8-tetrahvdro- 
ri.81naphthvTidin-2-vl)propv 11iTniHa7: olidin-l-vl)propionic acid (24-5) 

A solution of 244 (181 mg, 0.38 mmol) in acetic acid (5 mL) 
25 was treated with Pt02 (100 mg) and stirred imder a hydrogen 

atmosphere for Ih. The catalyst was removed by filtration through ceUte 
and the residue chromatographed (75% 20:1:1 EtOH/NH40H/H20 -25% 

EtOAc) to aflFord 24-5 as a colorless glass. 

TLC Rf = 0,50 (75% 20:1:1 EtOH/NH40HyH20 -25% EtOAc) 

30 High resolution MS Calc'd,=452.2298, Obs'd = 452.2238 
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Scheme 25 



COgH 



BocHN' 



,C02Me 



25=1 



H 



25-2a (X=CH) 
25-2b (X=N) 

EDC, HOAT 
NMM. DMF 




N^NH 



N 



25i5a(X=CH) 
^::5fci(>0=N) 




25z2a pc=CH) 
25-3b (X=N) 



1 . HOAc, 65» 

2. HCI. EtOAc 



^COgMe 

25-4a (X=CH) 
25-4b (X=N) 



>;f-(R)-(!^-ATnino-phenvlV3-ter<-butoxvca rlinnv1aTTiiTin-siiprriTiaTTiip. acid 

methvl ester f25-3a') 
5 A mixture of Boc-L-aspartic add-P-methyl ester 25-1 (5.0g, 

20.2 mmol), o-phenylenediamine 25-2a (2.2 g, 20.2 mmol), EDC (3.9 g, 
20.2 mmol), HOAT (0.28 g, 2.02 namol), and NMM (6.7 mL, 60.7 mmol) in 
DMF (50 mL) was stirred for 18 h at ambient temperature. The solution 
was diluted with EtOAc (250 mL) and washed with sat. sodium 
10 bicarhonate, watei:, and brine (50 mL each), then dried and evaporated to 
. afford 25-3a as a yellow soUd. 
TLC Rf = 0.50 (95% CHCl3/5% isopropanol) 

iH NMR (300 MHz, CDCI3) 5 8.10 (br.s, IH), 7.23 (d, J= 7.8 Hz, IH), 7.08 
(t, J=7.8 Hz, IH) 6.78 (m, 1H),5.8 (br d, IH), 4.65 (m, 1 H), 3.76 (s, 3H), 
15 3.15 (dd, J=4.6, 16 Hz, IH), 2.90 (dd, J= 5.1, 16 Hz, IH), 1.48 (s, 9H). 
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5^(S)-ATninn-3-(hfin7nTr ddazol-2-vlVproDiomc acid methvl ester (25-4a) 

Ester 25-3a (1,0 g, 3 mmol) was dissolved in acetic acid (50 
" mL) and heated to 65° for 2 h. The solvent was removed to ajBFord the Boc- 
5 protected intermediate as a white soHd. The crude material (920 mg, 2.43 
mmol) was dissolved in EtOAc, cooled to 0°, and treated with HCl gas to 
give 25-4a as a tan solid. 

iH NMR (300 MHz, CD3OD) 5 7.80 (m, 2H), 7.35 (m,2H), 5.98 (m, IH), 
3.80 (m, 2H), 3.76 (s, 3H). 

10 

.q(.qVrRpn7:Tmidar ol-2-vlV3-f2-oxo-3-r3-f5,6.7.8-t6trahvdrQ- 
ri.81naphthvridin-2-vl)n rnpYl]iTrii da2olidin-l-vllprQpionic acid f25-5a) 

Th6 title compound 25-5a was prepared from 2-9A and 25-4a 
using the procedure described in Scheme 2. 
15 TLC Rf = 0.30 (50% 20:1:1 EtOH/NH4OH/H2O-50% EtOAc). 
FAB MS Obs'd 449.2 (M+H). 

3fSV(lHJmidazor4.5-cl Tivridin-2-v lV3-f2-QyQ-3-r3-r5.6.7.8-tetrahvdro- 
ri,81naphthv ridip-2-v l)propvl1-imidazolidin-l-vl)propionic acid (25-5b) 
20 The title compound 25-4b was prepared as described above 

substituting 3,4-diaminop3rridine for o-phenylenediamine. 
TLC Rf = 0.25 (50% 20:1:1 EtOH/NH40H/H20 -50% EtOAc). 

FAB MS Obs'd 450.2 (M+H). 
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CO2H 



BocHN' 



25=1 



Scheme 26 



26-1 



EDC, HOAT 
NMM. DMF 




HO 

26-2 



1. DEAD, PhgP 
THF 

2. HCI, EtOAc 





COgMe 



20:3. 



10 



15 



N-fSVf 2-Hvdroxv-phenvl)-3-^ert-butoxvcarb(r »r' ami no-succin flmin arid 

methvl ester (26-2) 

A mixture of Boc-L-aspartic add-P-methyl ester (25-1) (5,0g, 
20.2 mmol), 2-amino phenol (26-1) (2.2 g, 20.2 mmol), EDC (3.9 g, 20.2 
mmol), HOAT (0.28 g, 2.02 mmol), and NMM (6.7 mL, 60.7 mmol) in 
DMF (50 mL) was stirred for 18 h at ambient temperature. The solution 
was diluted with EtOAc (250 mL) and washed with sat. sodium 
bicarbonate, water, and brine (50 mL each), then dried, and evaporated 
and chromatographed on silica (EtOAc) to afford 26-2 as a white sohd. 
TLC Rf = 0.55 (EtOAc) 

iH NMR (300 MHz, CDCI3) 5 7.23 (d. J= 7.8 Hz, IH), 6.89 (t, J=7.8 Hz, 
IH), 6.78 (m, IH), 5.68 (br d, IH), 4.65 (m, 1 H), 3.76 (s, 3H), 3.15 (dd, 
J=4.6, 16 Hz, IH), 2.90 (dd, J= 5.1, 16 Hz, IH), 1.48 (s, 9H). 

afS^-A^n^^^n-(.?-bpngnxazQl-2-vl)-propion ^n acid methvl ester (26-3) 
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THF (150 mL) along with PhsP (1.58 g, 6.0 mmol) . The resulting 
solution was cooled to 0°, and a solution of diethyl azodicarboxylate (1.53 
g, 6.2 mmol) in THF (25 mL) was added dropwise. The cooling bath was 

5 removed and the solution stirred overnight at ambient temperature. The 
solution was concentrated and the residue chromatographed (75% 
EtOAc/Hexane) to afford the Boc-protected ester as a colorless glass. 
The crude material (1.8 g, 5.0 mmol) was dissolved in EtOAc, cooled to 0° 
and treated with HCl gas to give 26-3 as a tan solid. 

10 iH NMR (300 MHz, CD3OD) 5 7.81 (m, 2H), 7.40 (m,2H), 5.05 (t, J= 7.4 Hz, 

IH), 3.72 (s, 3H), 3.30 (m, 2H). 

.^(RUBenzoxa2ot-2-vlV3-f2-oxo-3-r3-f5.6.7.8-tet rahvdro-ri.81naphthvridin- 
9-yl) prnpYl]iTn irlfl7:n1idin-1-Yl)prn momc acid (26-4) 
15 The title compound 264 was prepared from 2-9A and 26-3 

using the procedure described in Scheme 2. 
TLC Kf = 0.40 (50% 20:1:1 EtOH/NH4OH/H2O-50% EtOAc). 

FAB MS Obs'd 450.3 (M+H). 



CHal.KaCOa 




CH3CN 
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1-1Vrethvl-4 -hrnmopvrazole f27-2) 

Methyl iodide (8.47 mL, 136 mmol) was added to -a mixture 
5 of 4-bromopyrazole 27-1 (10 g, 38 mmol), and K2CO3 (18.9 g, 136 mmol) in 
CH3CN (150 mL) and the mixture stirred at room temperature for 16 h, 

then filtered and evaporated to yield 27-2 as a yellow oil. 

iH NMR (300 MHz, CDCI3) 5 7.44(s, 1H),7.38 (s, IH), 3:90 (s, 3H). 

10 (.c;)-ATninf>-3-fl-methvl-lH-pvrazol-4-vIV propiomc acid ethvl ester (27-3) 
The bromide 27-2 was converted to the amino ester 27-3 
following the procedure depicted in Scheme 1. 

iH NMR (300 MHz, CD3OD) 5 7.81 (s, 1H),7.58 (s, 1H),4.80 (m, IH), 4.05 
(q, J= 7.0 Hz, 2 H), 3.89 (s, 3H), 3.00 (m, 2 H), 1.24 (t, J = 7.0 Hz, 3 H). 

15 

3f RVn -Methvl-lH-pvrazn1-4-vlV3-( 2 -nyn-3-r3-(5.6.7.8-tetrahvdro- 
n,ft1naphthvridin-2-vl)propvn-im iHay.nliHin-l-vl)propiomc acid (27-4) 

The title compoimd 27-4 was prepared from 2-9A and.27::S 
using the procedure described in Scheme 2. 
20 TLC Rf = 0.24 (15:10:1:1 ethyl acetate/EtOH/water/NH40H). 

iH NMR (300 MHz, CD3OD) 5 7.58 (s, IH), 7.52 (d, J=7.3 Hz, IH), 7.38 (s, 
IH), 6.62 (d, J=7.3 Hz, IH), 5.38 (m, 1H),3.83 (s, 3H), 3.14-3.53 (9H), 2.97 
(m, 2H), 2.80 (t, J=6.1 Hz, 2H), 2.67 (t, J=7.3 Hz, 2H), 1.93 (m,4H). 

25 



30 



35 
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SCHEME A 
[ESIS OF RADIOLIGAND FOR SPA ASSAY 



COgH 



A-1 



NaOH, dioxane 



H,N. 




1. Bra.NaOH. 

2. HCI 
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SCHEME A (CONTINUED^ 



SO 



Ai2 




HQ 
EtOH 




(x />-C02CH2CH3 



A-5 



H2, 

10% Pd/C 
EtOH 




C H2C H3 



6NHCI 
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SCHEME A. conl/d 
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(CH3Sn)2. Pd(PPh3)4. 




o 

A-10 



1Sr-f4-Tndo-phen vlsTilfonvlaTT^iTinVT.-aRpara^ne fA-2) 

To a stirred solution of acid Ail (4.39 g, 33.2 mmol), NaOH 
(1.49 g, 37.2 mmol), dioxane (30 ml) and H2O (30 ml) at O^C was added 

5 pipsyl chloride (10.34 g, 34.2 mmol). After -5 minutes, NaOH (1.49, 37.2 
mmol), dissolved in 15 ml H2O, was added followed by the removal of the 

cooling bath. After 2.0 h, the reaction mixture was concentrated. The 
residue was dissolved in H2O (300 ml) and then washed with EtOAc. 

The aqueous portion was cooled to O^C and then acidified with 
10 concentrated HCl. The solid was collected and then washed with Et20 to 

provide acid A-2 as a white solid. 

iH NMR (300 MHz, D2O) 5 7.86 (d, 2H, J=8Hz ), 7.48 (d, 2H, J=:8Hz) 3.70 
(m, IH), 2.39 (m, 2H). 

15 2(RVf 4-Iodn-phenvlsu 1fnn v1 aTnino)-S-alanine f A-3) 

To a stirred solution of NaOH (7.14 g, 181.8 mmol) and H2O 
(40 ml) at 0°C was added Br2 (1.30 ml, 24.9 mmol) dropwise over a ten 

minute period. After ~5 minutes, acid A-2 (9.9 g, 24.9 mmol), NaOH 
(2.00 g, 49.8 mmol) and H2O (35 ml) were combined, cooled to 0°C and 

20 then added in a single poiiion to the reaction. After stirring for 
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20 minutes at 0°C, the reaction was heated to 90°C for 30 minutes and 
then recooled to 0°C. The pH was adjusted to -7 by dropwise addition of 
concentrated HCl. The solid was collected, washed with EtOAc, and 
then dried in vacuo to provide acid A-3 as a white solid. 
5 iH NMR (300 MHz, D2O) 5 8.02 (d, 2H, J=8Hz), 7.63 (d, 2H, J=8Hz), 4.36 
(m, IH), 3.51 (dd, IH, J=5Hz, 13Hz) 3.21 (m, IH). 

Ethvl 2fSW4-iodo-Dhenvlsulfonv1aTTii noVp-alamne-hvdrochIoride 

Ha gas was rapidly bubbled through a svLspensiou of acid 

10 (4.0 g, 10.81 mmol) in EtOH (50 ml) at O^C for 10 minutes. The 

cooling bath was removed and the reaction was heated to SO'C. After 18 
h, the reaction was concentrated to provide ester A-4 as a white solid. 
iH NMR (300 MHz, CD3OD) 5 7.98 (d, 2H, J=8Hz), 7.63 (d, 2H, J=8Hz), 
4.25 (q, IH, J=5Hz), 3.92 (m, 2H), 3.33 (m, IH), 3.06 (m, IH), 1.01 (t, 3H, 

15 J=7Hz). 

V-thy] 4-f9.-(^-ATnin opvridin-6-vI)ethvnbenzoat.fi f A-Ka^ 

A mixture of ester A-5 (700 mg, 2.63 mmol), (for 
preparation, see: Scheme 29 of PCJT International Application 
Publication No. WO 95/32710, published December 7, 1995) 10% Pd/C (350 
mg) and EtOH were stirred under 1 atm H2. After 20 h, the reaction was 
filtered through a celite pad and then concentrated to provide ester A-5 a 
as a brown oil. 

TLC Rf = 0.23 (silica, 40% EtOAc/hexanes) 

IH NMR (300 MHz, CDCI3) 5 7.95 (d, 2H, J=8Hz), 7.26 (m, 3H), 6.43 (d, 
IH, J=7Hz), 6.35 (d, IH, J=8Hz), 4.37 (m, 4H), 3.05 (m, 2H), 2.91 (m, 2H), 
1.39 (t, 3H, J=7Hz). 

4-r2-(2-AminnTivTHdin-fi.ynPthvnhen7:ni c acid hydrochloride fA-6) 

A suspension of ester A-5 a (625 mg, 2.31 mmol) in 6N HCl 
(12 ml) was heated to 60''C. After -20 h, the reaction was concentrated to 
give add A-6 as a tan solid. 

iH NMR (300 MHz, CD3OD) 6 7.96 (d, 2H, J=8Hz), 7.80 (m, IH), 7.33 (d, 
2H, J=8Hz), 6.84 (d, IH, J=9Hz), 6.69 (d, IH, J=7Hz), 3.09 (m, 4H). 
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Rthvl 4-r?-(?-ATninoDvridin-6-vl)ethvl'lbenzovl-2fS)-f4-iodo- 
phenvlsulf ffriy1amiT>^Vp-fl1aTiinft 

A solution of add 15-6 (400 mg, 1.43 mmol), amine A-4 
(686 mg, 1.57 mmol), EDG (358 mg, 1.86 mmol), HOBT (252 mg, 1.86 
5 mmol), NMM (632 [il, 5.72 mmol) in DMF (10 ml) was stirred for -20 h. 
The reaction was diluted with EtOAc and then washed with sat. 
NaHC03, brine, dried (MgS04) and concentrated. Flash 
chromatography (silica, EtOAc then 5% isopropanol/EtOAc) provided 
amide A- 7 as a white solid. 
10 TLC Rf = 0.4 (silica, 10% isopropanol/EtOAc) 

iH NMR (300 MHz, CD3OD) 6 7.79 (d, 2H, J=9Hz) 7.61 (d, 2H, J=8Hz), 7.52 
(d, 2H, J=9Hz), 7.29 (m, IH), 7.27 (d, 2H, J=8Hz), 4.20 (m, IH), 3.95 (q, 2H, 
J=7Hz), 3.66 (dd; IH, J=6Hz, 14Hz), 3.49 (dd, IH, J=8Hz, 13Hz), 3.01 (m, 
2H), 2.86 (m, 2H), 1.08 (t, 3H, J=7Hz). 

15 

■4-f9-(9-AmiTinpvridin-6-vl)ethvnbenzovl-2fSVf4-iodophenvl- 
Riilfonvlp TTiiTinVp-alaninP f A-8^ 

A solution of ester Ail (200 mg, 0.3213 mmol) and 6N HCl 
(30 ml) was heated to 60*'C. After -20 h, the reaction mixture was 

20 concentrated. Flash chromatography (siUca, 20:20:1:1 EtOAc/EtOH/ 
NH4OH/H2O) provided acid A-8 as a white soUd. 
TLC Rf = 0.45 (siHca, 20:20:1:1 EtOAc/EtOH/NH40H/H20) 
IH NMR (400 MHz, DMSO-d6) 5 8.40 (m, IH), 8.14 (Bs, IH), 7.81 (d, 2H, 
J=8Hz), 7.62 (d, 2H, J=8Hz), 7.48 (d, 2H, J=8Hz), 7.27 (m, 3H), 6.34 (d, IH, 

25 J=7Hz), 6.25 (d, IH, J=8Hz), 5.85 (bs, 2H), 3.89 (bs, IH), 3.35 (m, 2H), 2.97 
(m, 2H), 2.79 (m, 2H). 

/l-[-9-(9.ATniTinr.vridin-6-vl)ethvDbenzovl- 2fSVf4-triroethvlstannvl- 
phenvlsulfo T^yl aminn-p-alani ne (A-9) 
30 A solution of iodide Aifi (70 mg, 0.1178 mmol), [(CH3)3Sn]2 

(49 |il, 0.2356 mmol), Pd(PPh3)4 (5 mg) and dioxane (7 ml) was heated to 
90°C. After 2 h, the reaction was concentrated and then purified by 
preparative HPLC (Delta-Pak Cl8 15 mM lOOA", 40 x 100 mm; 95:5 then 
5:95 H2O/CH3CN) to provide the trifluoroacetate salt. The salt was 
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suspended in H2O (10 ml), treated with NH4OH (5 drops) and then 
lyophilized to provide amide A-9 as a white solid. 

iH NMR (400 MHz, DMSO-de) 5 8.40 (m, IH), 8.18 (d, IH, J=8Hz), 7.67 
- ^(m, 5H), 7.56 (d, 2H, J=8Hz), 7.29 (d, 2H, J=8Hz), 6.95-7.52 (m, 2H), 6.45 
5 (bs, 2H), 4.00 (m, IH), 3.50 (m, IH), 3.33 (m, IH), 2,97 (m, 2H), 2.86 (m, 
2H). 

A. r9.-(9.-ATnmnnvri diTi-6-vne thvl1benzov l-2fS)-4-l^iodo- 
pViPnvTsiilfonvl aminn-p-a1aniT>ft f A-l 0^ 

10 An iodobead (Pierce) was added to a shipping vial of 5 mCi 

of Nal25i (Amersham, IMS30) and stirred for five minutes at room 
temperature. A solution of 0.1 mg of 4=9 in 0.05 mL of 10% H2S04/MeOH 

was made and immediately added to the Na^^Si/iodobead vial. After 
stirring for three minutes at room temperature, approximately 0.04-0.05 

15 mL of NH4OH was added so the reaction mixture was at pH 6-7. The 
entire reaction mixtxnre was injected onto the HPLC for purification 
[Vydac peptide-protein C-18 column, 4.6 x 250 mm, linear gradient of 
10% acetonitrile (0.1% (TFA):H20 (0.1% TFA) to 90% acetonitrile (0.1% 
TFA):H20 (0.1% TFA) over 30 minutes, 1 mL/min]. The retention time 

20 of A- 10 is 17 minutes imder these conditions. Fractions contai n i n g the 
majority of the radioactivity were pooled, lyophilized and diluted with 
ethanol to give approximately 1 mCi of A- 10. which coeluted on HPLC 
analysis with an authentic sample of A-8 . 

25 Instrumentation : Analytical and preparative HPLC was 

carried out using a Waters 600E Powerline Multi Solvent Delivery 
System with 0.1 mL heads with a Rheodyne 7125 injector and a Waters 
990 Photodiode Array Detector with a Gilson FC203 Microfiraction 
collector. For analjrtical and preparative HPLC, a Vydac peptide-protein 

30 C-18 column, 4.6 x 250 mm was used with a C-18 Brownlee modular 

guard colimm. The acetonitrile xised for the HPLC analyses was Fisher 
Optima grade. The HPLC radiodetector used was a Beckman 170 
Radioisotope detector. A Vydac C-18 protein and peptide colimm, 3,9 x 
250 rnm was used for analytical and preparative HPLC, Solutions of 
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radioactivity were concentrated using a Speedvac vacuxim centrifuge. 
Calibration curves and chemical concentrations were determined using 
a Hewlett Packard Model 8452A UVA^is Diode Array Spectrophotometer. 
Sample radioactivities were determined in a Packard A5530 gamma 
5 counter. 

The test procedures employed to measure avp3 and avps 
binding and the bone resorption inhibiting activity of the compoimds of 
the present invention are described below, 

10 BONE RESORPTION-Prr ASSAY 

When osteoclasts engage in bone resorption, they can cause 
the formation of pits in the surface of bone that they are acting upon. 
Therefore, when testing compounds for their abiUty to inhibit 
osteoclasts, it is useful to measure the ability of osteoclasts to excavate 

15 these resorption pits when the inhibiting compoimd is present- 
Consecutive 200 micron thick cross sections from a 6 mm 
cylinder of bovine femur diaphysis are cut with a low speed diamond 
saw (Isomet, Beuler, Ltd., Lake BlufiF, 11). Bone sUces are pooled, placed 
in a 10% ethanol solution and refrigerated until ftirther use. 

20 Prior to experimentation, bovine bone slices are 

ultrasonicated twice, 20 minutes each in H2O. Cleaned slices are placed 

in 96 well plates such that two control lanes and one lane for each drug 
dosage are available. Each lane represents either triplicate or 
quadruplicate cultures. The bone sHces in 96 weU plates are steriUzed by 

25 UV irradiation. Prior to incubation with osteoclasts, the bone slices are 
hydrated by the addition of 0.1 ml oMEM, pH 6.9 containing 5% fetal 
bovine serum and 1% penidllin/streptomycin. 

Long bones from 7-14 day old rabbits (New Zealand White 
Hare) are dissected, cleaned of soft tissue and placed in ocMEM 

30 containing 20 mM HEPES. The bones are minced using scissors until 
the pieces are <1 ttitti and transferred to a 50 ml tube in a volimie of 25 
ml. The tube is rocked gently by hand for 60 cycles, the tissue is 
sedimented for 1 min., and the supernatant is removed. Another 25 ml 
of medium is added to the tissue and rocked again. The second 

35 supernatant is combined with the first. The number of cells is counted 
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excluding erythrocytes (typically - 2 x 107 cells/ml). A cell suspension 
consisting of 5 x IO6/111I in oMEM containing 5% fetal bovine serum, 
10 nM l,25(OH)2D3, and pendllin-streptomydn is prepared. 200 ml 
aliquots are added to bovine bone slices (200 mm x 6 mm) and incubated 

5 for 2 hrs. at 37°C in a humidified 5% COg atmosphere. The medium is 
removed gently with a micropipettor and firesh medium containing test 
compounds is added. The cultures are incubated for 48 hrs., and 
assayed for c-telopeptide (firagments of the al chain of type I collagen) by 
Crosslaps for culture media (Herlev, Denmark). 

;j^0 Bovine bone slices are exposed to osteoclasts for 20-24 hrs 

and are processed for staining. Tissue culture media is removed from 
each bone slice. Each well is washed with 200 ml of H2O, and the bone 
slices are then fixed for 20 minutes in 2.5% glutaraldehyde, 0.1 M 
cacodylate, pH 7.4. After fixation, any remaining cellular debris is 

15 removed by 2 rn^r\ ultrasonication in the presence of 0.25 M NH4OH 
followed by 2 X 15 min ultrasonication in H2O. The bone sHces are 
immediately stained for 6-8 min with filtered 1% toluidine blue and 1% 
borax. 

After the bone sHces have dried, resorption pits are coimted 
20 in test and control slices. Resorption pits are viewed in a Microphot Fx 
(Nikon) fluorescence microscope using a polarizing Nikon IGS filter 
cube. Test dosage results are compared with controls and resulting 
IC50 values are determined for each compound tested. 

The appropriateness of extrapolating data from this assay to 
25 mammalian (including human) disease states is supported by the 
teaching found in Sato, M., etal-, Journal of Bone and Mineral 
Research. Vol. 5, No. 1, pp.31-40, 1990, which is incorporated by 
reference herein in its entirety. This article teaches that certain 
bisphosphonates have been used clinically and appear to be effective in 
30 the treatment of Paget's disease, hypercalcemia of malignancy, 

osteolytic lesions produced by bone metastases, and bone loss due to 
immobilization or sex hormone deficiency. These same bisphosphonates 
are then tested in the resorption pit assay described above to confirm a 
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correlation between their known utility and positive performance in the 
assay. 

EIB ASSAY - 
5 Duong et aL, J. Bone Miner, Res,, 8: S378 (1993) describes a 

system for expressing the human integrin avp3. It has been suggested 
that the integrin stimulates attachment of osteoclasts to bone matrix, 
since antibodies against the integrin, or RGD-containing molecules, 
such as echistatin (European Pubhcation 382 451), can effectively block 
10 bone resorption. 



Reaction Mixture: 

1. 17& TBS buffer (50 mMTris^HClpH 7.2, 150 mMNaCl, 

1% BSA, 1 mM CaCl2, 1 mM MgCl2). 

15 2, 25 lil ceU extract (dilute with 100 mM octylglucoside buffer to 

give 2000 cpm/25 jil). 

3 125i-echistatin (25 nV50,000 cpm) (see EP 382 451). 

4, 25 ^1 buffer (total binding) or unlabeled echistatin (non- 
specific binding). 

20 

The reaction mixture was then incubated for 1 h at room 
temp. The unbound and the bound avp3 were separated by filtration 
using a Skatron Cell Harvester. The filters (prewet in 1.5% poly- 
ethyleneimine for 10 mins) were then washed with the wash buffer (50 
25 mM Tris HCl, ImM CaCl2/MgCl2, pH 7.2). The filter was then counted 

in a gamma covmter. 



SPA ASSAY 
30 MATERIALS: 

1. Wheat germ agglutinin Scintillation Proximity Beads (SPA): 
Amersham 

2. Octylglucopyranoside: Calbiochem 
35 3. HEPES: Calbiochem 
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6. MgCl2: SIGMA 

7. " PhenylmethylsulfonylfluoTide (PMSF): SIGMA 

8. Optiplate: PACKARD 

9. Compound Mfi (specific activity 500-1000 Ci/mmole) 

10. test compound 

11. Purified integrin receptor: avPS was purified firom 293 ceUs 
overexpressing avp3 C^^ong et al, J. Bone Min. Res., S:S378. 
1993) according to Pytela {Methods in Enzymology, 144:415, 
1987) 

12. Binding buffer: 50 mM HEPES, pH 7.8, 100 mM NaCl, 1 mM 
Ca2+/Mg2+, 0.5 mM PMSF 

13. 50 mM octylglucoside in binding buffer: 50-OG buffer 



PROCEDURE: 



1 PrPt-rftfltmen t. nf .cfPA beads: 

500 mg of lyophilized SPA beads were first washed four times 
with 200 ml of 50-OG buffer and once with 100 ml of binding 
bufier, and then resuspended in 12.5 ml of binding buffer. 

2 Prop ^ratinn of SPA beads and receptor mis^tUE^ 

In each assay tube, 2.5 ^il (40 mg/ml) of pretreated beads were 
suspended in 97.5 nl of binding buffer and 20 nl of 50-OG 
buffer. 5 Hi ("30 ng/nl) of purified receptor was added to the 
beads in suspension with stirring at room temperature for 30 
minutes. The mixture was then centrifiiged at 2,500 rpm in a 
Beckman GPR Benchtop centrifiige for 10 minutes at 4°C. The 
pellets were then resuspended in 50 of binding buffer and 25 
pi of 50-OG buffer. 
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Reaction 

The following were sequentially added into Optiplate in 
corresponding wells: 

(i) Receptor/beads mixtvire (75 ml) 

(ii) 25 fil of each of the following: compound to be tested, 
binding 

bufiFer for total binding or A-8 for non-specific 
binding (final concentration 1 jiM) 

(iii) A-10 in binding bufiFer (25 |il, final concentration 40 pM) 

(iv) Binding bxiffer (125 \xl) 

(v) Each plate was sealed with plate sealer fi-om PACKARD 
and 

incubated overnight with rocking at 4^C 

15 4. Plates were counted using PACKARD TOPCOUNT 

5. % inhibition was calculated as follows: 
A = total counts 
B = nonspecific counts 
20 C = sample counts 

% inhibition = [{(A-B)-(C-B)}/(A-B)]/(A-B) x 100 



3. 



5 



10 



OCFORM ASSAY 

Osteoblast-like cells (1.8 ceUs), originally derived firom 

25 mouse calvaria, were plated in CORNING 24 well tissue culture plates 
in ocMEM medium containing ribo- and deoxjrribonucleosides, 10% fetal 
bovine serum and penicillin-streptomycin. Cells were seeded at 
40,000/well in the morning. In the afternoon, bone marrow cells were 
prepared from six week old male Balb/C mice as follows: 

30 Mice were sacrificed, tibiae removed and placed in the above 

medium. The ends were cut off and the marrow was flushed out of the 
cavity into a tube with a 1 mL syringe with a 27.5 gauge needle. The 
marrow was suspended by pipetting up and down. The suspension was 
passed through >100 |xm nylon cell strainer. The resxilting suspension 

35 was centrifuged at 350 x g for seven minutes. The pellet was 
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resuspended, and a sample was diluted in 2% acetic add to lyse the red 
cells. The remaining cells were coimted in a hemac3rtometer. The cells 
were pelleted and resxispended at 1 x 10^ cells/mL. 50 fxL was added to 
each well of 1.8 cells to yield 50,000 cells/well and 1,25-dihydroxy-vitamin 
5 D3 (D3) was added to each well to a final concentration of 10 nM. The 
cultures were incubated at 37°C in a humidified, 5% CO2 atmosphere. 
After 48 h, the medium was changed. 72 h after the addition of hone 
marrow, test compoxmds were added with firesh medium containing D3 
to quadruplicate wells. Compoimds were added again after 48 h with 
10 fresh medium containing D3, After an additional 48 h,, the medium 

was removed, cells were fixed with 10% formaldehyde in phosphate- 
buffered saline for 10 minutes at room temperature, followed by a 1-2 
minute treatment with ethanoliacetone (1:1) and air dried. The cells 
were then stained for tartrate resistant acid phosphatase as follows: 

15 The cells were stained for 10-15 minutes at room 

temperature with 50 mM acetate buffer, pH 5.0 containing 30 mM 
sodium tartrate, 0.3 mg/mL Fast Red Violet LB Salt and 0.1 mg/mL 
Naphthol AS -MX phosphate. After staining, the plates were washed 
extensively with deionized water and air dried. The nximber of 

20 multinucleated, positive staining cells was coimted in each well. 

avp5 ATTACHMENT ASSAY 

Duong et aL, J. Bone Miner, Res., 11: S290 (1996), describes 
25 a system for expressing the human avp5 integrin receptor. 

Media and solutions used in this assay are ptirchased firom 
BRL/Gibco, except BSA and the chemicals are firom Sigma. 
Attachment medium: HBSS with 1 mg/ml heat-inactivated 
fatty add firee BSA and 2 mM CaCl2- 

Glucosaminidase substrate solution: 3.75 mM p-nitrophenyl 
M-acetyl-beta-D-glucosaminide, 0.1 M sodiimi citrate, 0.25% 
Triton, pH 5.0. 
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4. Glycine-EDTA developing solution: 50 mM glycine, 5 mM 
EDTA, pH 10,5. 

Methods: 

5 1. Plates (96 well, Nunc Maxi Sorp) were coated overnight at 

4^*0 with human vitronectin (3 ug/ml) in 50 mM carbonate 
buffer (pH 9/-6), using 100 H-l/well. Plates were then washed 
2X with DPBS and blocked with 2% BSA in DPBS for 2h at 
room temperature. After additional washes (2X) with 
10 DPBS, plates were used for cell attachment assay. 

2. 293 (avp5) cells were grown in MEM media in presence of 
10% fetal calf serum to 90% confluence. Cells were then 
lifted from dishes with IX Trypsin/EDTA and washed 3X 
with serimi free MEM. Cells were resuspended in 

15 attachment mediimi (3 X 10^ cells/ml), 

3. Test compounds were prepared as a series of dilutions at 2X 
concentrations and added as 50 ^il/weU. Cell suspension 
was then added as 50 |il/well. Plates were incubated at SY^'C 
with 55 C02 for 1 hour to allow attachment. 

20 4. Non-adherent cells were removed by gently washing the 

plates (3X) with DPBS and then incubated with 
glucosamiiiidase substrate solution (100 |xl/well), overnight 
at room temperatinre in the dark. To quantitate cell 
nimibers, standard curve of glucosaroinidase activity was 

25 determined for each experiment by adding samples of cell 

suspension directly to wells containing the enzyme 
substrate solution. 
5. The next day, the reaction was developed by addition of 185 
|il/well of glycine/EDTA solution and reading absorbance at 

30 405 nm using a Molecular Devices V-Max plate reader. 

Average test absorbance values (4 wells per test samples) 
were calculated. Then, the number of attached cells at each 
drug concentration was quantitated versus the standard 
curve of cells using the Softmax program. 



35 



181- 



wo 99/31099 



PCTAJS98/26568 



RYAMPLE OF A PHARMACEUTICAL FORMULATION 

As a specific embodiment of an oral composition, 100 mg of 
a coxdpoxmd of the present invention are formulated with sufficient 
5 finely divided lactose to provide a toted amount of 580 to 590 mg to fill a 
size O hard gel capsule. 

Representative compoimds of the present invention were 
tested and found to bind to human avp3 integrin. These comporuads are 
generally found to have IC50 values less than about 100 nM in the SPA 

10 assay. 

Representative compounds of the present invention were 
tested and generally foxmd to inhibit > 50% the attachment of ocvpS 
expressing cells "to plates coated with vitronectin at concentrations of 
about 1 |iM. 

15 While the invention has been described and illustrated in 

reference to certain preferred embodiments thereof, those skilled in the 
art will appreciate that various changes, modifications and substitutions 
can be made therein without departing from the spirit and scope of the 
invention. For example, effective dosages other than the preferred doses 

20 as set forth hereinabove may be appHcable as a consequence of variations 
in the responsiveness of the mammal being treated for severity of bone 
disorders caused by resorption, or for other indications for the 
compounds of the invention indicated above. Likewise, the specific 
pharmacological responses observed may vary according to and 

25 depending upon the particular active compoimd selected or whether 
there are present pharmaceutical carriers, as well as the type of 
formulation and mode of administration employed, and such expected 
variations or differences in the results are contemplated in accordance 
with the objects and practices of the present invention. It is intended, 

30 therefore, that the invention be limited only by the scope of the cl aims 
which follow and that such claims be interpreted as broadly as is 
reasonable. 
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WHAT IS CLAIMED IS: 

1. A compound having a structural fonaula selected 
from the group consisting of 

9 



R^1 Ri2 



O R^ R^ . 

X-Y-N-^N— {CH2)rSc^°^"' 
' ' r7 R« 



R 



11 



0 



O R^ R^ 

X-Y-N-^N— {CH2)r^^°^"' 
' ' r7 R« 



isr= 



>13 
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10 



-N 



|11 



, and 



O r7 r8 

X-Y— N'^N^^ 



COpR' 



R 



13 



wherein the dotted line a represents a single or a double bond, provided 
that when a represents a double bond, the double bond carbon atoms are 
substituted only with R"*^^ and R^^; 



X is selected from the group consisting of 

NR^ 



-(!!-NR^R2 — nr^c-nr^r2 



a 5- or G-membered monocyclic aromatic or nonaromatic ring 
system having 0, 1, 2, 3 or 4 heteroatoms selected firom the group 
15 consisting of N, O, and S wherein the ring nitrogen atoms are 

imsubstituted or substituted with one Rl substituent and the ring 
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carbon atoms are xmsubstituted or substituted with one or two Rl 
substituents, and 

a 9- to 14-inembered polycyclic ring system, wherein one or more 
5 of the rings is aromatic, and wherein the polycycHc ring system 

has 0, 1, 2, 3 or 4 heteroatoms selected from the group consisting of 
N, O, and S wherein the ring nitrogen atoms are xmsubstituted or 
substituted with one R^ substituent and the ring carbon atoms are 
xmsubstituted or substituted with one or two R^- substituents; 

10 

Y is selected from the group consisting of 
-(CH2)m-, 

-(CH2)m-0-(CH2)n-, 

-(CH2)m-N^^-(CH2)n-, 
15 -(CH2)m-S-(CH2)n-, 

-(CH2)m-SO-(CH2)n-, 

-(CH2)m-S02-(CH2)n-, 

-(CH2)m-0-(CH2)n-0-(CH2)p-, 

-(CH2)m-0-(CH2)n-NR4-(CH2)p -, 
20 -(CH2)m-NR4-(CH2)n-NR4-(CH2)p 

-(CH2)m-0-(CH2)n-S-(CH2)p -, 

-(CH2)m-S-(CH2)n-S-(CH2)p 

-(CH2)m-NR4-(CH2)n-S-(CH2)p -, 

-(CH2)m-NR4 -(CH2)n-0-(CH2)p 
25 -(CH2)m-S-(CH2)n-0-(CH2)p 

-(CH2)m-S-(CH2)n-NR4-(CH2)p -, and 

-(CH2)m-Z-(CH2)n-, 



wherein Z is ia 3- to 10-membered monocycUc or polycycUc aromatic or 
30 nonaromatic ring system having 0, 1, 2, 3, or 4 heteroatoms selected 
from the group consisting of N, O, and S wherein the ring nitrogen 
atoms are unsubstituted or substituted with one R^ substituent and the 
ring carbon atoms are unsubstituted or substituted with one or two R^ 
substituents, and 
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wherein any methylene (CH2) carbon atom in Y, other than in R"^, can 
be substituted by one or two R3 substituents; and 

wherein Rland R2 are each independently selected from the group 
5 consisting of 

hydrogen, halogen, Cl-lO alkyl, C3-8 cydoaltyl, 
C3.8 cycloheteroalkyl, C3-8 cycloalkyl Ci-6 alkyl, 
C3-8 cycloheteroalkyl Ci-e alkyl, aryl, aiyl Cl-8 alkyl, amino, 
amino Cl.8 alkyl, C1.3 acylamino, Ci-3 acylamino Cl-8 alkyl, 
10 (Cl-6 allqrDpamino, (Cl-6 alkyDpamino Cl-8 alkyl, 

Cl-4 alkoxy, Ci-4 alkoxy Cl-6 alkyl, hydroxycarbonyl, 
hydroxycarbonyl Cl-6 alkyl, Cl-3 alkoxycarbonyl, 
Cl-3 alkoxycarbonyl Cl-6 alkyl, hydroxycarbonyl- 
Cl-6 alkyloxy, hydroxy, hydroxy Cl.6 alkyl, Cl-6 alkyloxy- 
15 Cl-6 alkyl, nitro, cyano, trifluoromethyl, trifluoromethoxy, 

trifluoroethoxy, Cl.8 alkyl-S(0)p, (Cl-8 alkyl )paminocarbonyl, 
C 1-8 alkyloxy carbonylamino, (C I-8 alkyl)paminocarbonyloxy, 
(aryl Cl-8 alkyl)pamino, (aryl)pamino, aryl Cl.8 
alkylsulfonylamino, and Cl-8 alkylsulfonylamino; 
20 or two R1 substituents, when on the same carbon atom, are taken 

together with the carbon atom to which they are attached to 
form a carbonyl group; 

each R3 is independently selected from the group consisting of 
25 hydrogen, 
aryl, 

Ci-lO alkyl, 
aryKCH2)r-0-(CH2)s-, 
aryKCH2)rS(0)p-(CH2)s-, 
30 . aryl-(CH2)r-C(0)-(CH2)s-, 

aryl-(CH2)r-C(0)-N(R4)-(CH2)s-, 
aryKCH2)r-N(R4).C(0)-(CH2)s-, 
aryl-(CH2)r-N(R4HCH2)s-, 
halogen, 
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hydroxyl, 
oxo, 

trifluoromethyl, 
Cl-8 alkylcarbonyl amino, 
5 aryl Ci-5 alkoxy, 

Cl-5 alkoxycarbonyl, 
(Ci-8 alkyl)paininocarbonyl, 
Cl-6 alkylcarbonyloxy, 
C3-8 cydoalkyl, 
10 (Cl-6 alkyl)paiiiiiio, 

amino Cl-6 alkyl, 
arylaminocarb onyl, 
aryl Cl-S-alkylaminocarbonyl, 

aminocarbonyl, 
15 eaninocarbonyl Ci.6 alkyl, 

hydroxycarbonyl, 
hydroxycarbonyl Ci.6 alkyl, 

HC^-(CH2)t-, 

Cl-6 alkyl.C^C-(CH2)t-, 

20 C3-7 cycloalkyl-C=C-(CH2)t-, 

aryl-C^-(CH2)t-, 
C1.6 alkylaryl-CsC-(CH2)t-, 
CH2=CH-(CH2)t-, 
Cl-6 alkyl-CH=CH-(CH2)t-, 

25 C3-7 cycloalkyl-CH=CH-(CH2)t- , 

aryl-CH=CH.(CH2)t-, 
Cl-6 alkylaryl-CH=CH-(CH2)t-, 
Cl-6 alkyl-S02-(CH2)t-, 
Cl-6 alkylaryl-S02-(CH2)t-, 

30 Cl-6 alkoxy, 

aiyl Cl-6 alkoxy, 

aryl Cl.6 alkyl, 

(C1.6 alkyDpamino Cl-6 alkyl, 

(aryl)painino, 

35 (aryl)pamino Ci-e alkyl, 
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(aryl Ci-B alkyDpamino, 

(aryl Ci-6 alkyDpamino Ci-6 alkyl, 

arylcarbonyloxy, 

aryl Ci-6 alkylcarbonyloxy, 

(Ci-6 alkyDpaminocarbonyloxy, 

Cl-8 alkylstilfonylamino, 

arylsxxlf onylamino , 

Cl-8 alkylsulfonylamino Ci-6 alkyl, 

arylsulfonylamino Ci-6 alkyl, 

aryl Ci-6 alkylsulfonylamino, 

aryl Ci-S alkylsulfonylamino Ci-6 alkyl, 

Cl-8 alkoxycarbonylamino, 

Cl-8 alkoxycarbonylamino Ci-8 alkyl, 

aryloxycarbonylsumino Ci-8 alkyl, 

aiyl Cl-8 alkoxycarbonylamino, 

aryl Ci-8 alkoxycarbonylamino Ci-8 alkyl, 

Cl-8 alkylcarbonylamino, 

Cl-8 alkylcarbonylamino Ci-6 alkyl, 

arylcarbonylamino Cl-6 alkyl, 

aryl Ci-6 alkylcarbonylamino, 

aryl Cl-6 alkylcarbonylamino Ci-S alkyl, 

aroinocarbonylamino Ci-S alkyl, 

(Cl-8 alkyl)paminocarbonylamino, 

(Cl-8 alkyl)paminocarbonylamino Ci-6 alkyl, 

(aryDpaminocarbonylamino Ci-6 alkyl, 

(aryl C1-.8 alkyl)paminocarbonylamino, 

(aryl Cl-8 alkyDpaminocarbonylamino Ci-6 alkyl, 

aminosulfonylamino Ci-6 alkyl, 

(Cl-8 alkyDpandnosulfonylamino, 

(Cl-8 alkyDpaminosulfonylamino Ci-6 alkyl, 

(aiyl)paminos\ilfonylamino Ci-6 alkyl, 

(aryl Ci-8 alkyDpaminosulfonylamino, 

(aryl Ci-8 alkyDpaminosulfonylamino Ci-6 alkyl, 

Ci-G alkylsulfonyl, 
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Ci-6 alkylsulfonyl Ci-e alkyl, 

arylsxilfonyl Ci-6 alkyl, 

aryl Ci-6 alkylsulfonyl, 

aryl Ci-6 alkylsulfonyl Ci-6 alkyl, 
5 Ci-6 alkylcarbonyl, 

Ci-6 alkylcarbonyl Ci-6 alkyl, 

arylcarbonyl Ci-6 alkyl, 

aryl Cl-6 alkylcarbonyl, 

aryl Ci-6 alkylcarbonyl Ci-6 alkyl, 
10 Ci_6 alkylthiocarbonylamino, 

Ci-6 alkylthiocarbonylamino Ci-6 alkyl, 

arylthiocarbpnylamino Ci-6 alkyl, 

aryl Ci-e^alkylthiocarbonylainino, 

aryl Ci-G aytylthiocarbonylamino Ci-6 alkyl, 
15 (Ci-8 alkyDpaminocarbonyl Ci-6 alkyl, 

(aryl)paminocarbonyl Ci-6 alkyl, 

(aryl Ci-8 alkyDpaminocarbonyl, and 

(aryl Ci-8 alkyDpaminocarbonyl Ci-6 alkyl; 

or two R3 substituents, when on the same carbon atom, are taken 
20 together with the carbon atom to which they are attached to 

form a carbonyl group or a cyclopropyl group, 
wherein any of the alkyl groups of are either unsubstituted or 
substituted with one to three substituents, provided that each R^ is 
selected such that in the resultant compoimd the carbon atom or atoms 
25 to which R3 is attached is itself attached to no more than one 
heteroatom; 

each R^ is independently selected from the group consisting of 
hydrogen, 
30 aryl, 

aminocarbonyl, 
C3-8 cycloalkyl, 
amino Ci.6 alkyl, 
(aryl)paminocarbonyl. 
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(aryl Ci-5 alkyDpaminocarbonyl, 
hydroxycarbonyl Ci-g alkyl, 
Ci-8 alkyl, 
■ aryl Ci-6 alkyl, 
5 (Ci-6 alkyDpamino C2-6 alkyl, 

(aryl Ci-6 alkyDpamino C2-6 alkyl, 
Ci-8 alkylsulfonyl, 
Ci-S alkoxycarbonyl, 
aryloxycarbonyl , 
10 aryl Ci-8 alkoxycarbonyl, 

Cl-8 alkylcarbonyl, 

arylcarbonyl, 

aryl Ci-6 -alkylcarbonyl, 

(C1.8 alkyDpaminocarbonyl, 

15 amino sulfonyl, 

Ci-8 alkylaminosulfonyl, 

(aryDpaminosnlfonyl, 

(aryl Ci-8 alkyl )paminosulfonyl, 

arylsnlfonyl, 
20 arylCl-6 alkylsulfonyl, 

C1.6 alkylthiocarbonyl, 

arylthiocarbonyl, and 

aryl Ci-6 alkylthiocarbonyl, 

wherein any of the alkyl groups of R4 are either unsubstituted or 
25 substituted with one to three Rl substituents; 

R5 and R6 are each independently selected from the group consisting of 
hydrogen, 
Cl.io alkyl, 

30 aryl, 

aryl-(CH2)r-0-(CH2)s-, 
aryKCH2)rS(0)p-(CH2)s-, 
aryl-(CH2)r-C(0).(CH2)s-, 
aryKCH2)r-C(0)-N(R4)-(CH2)s-, 
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aryl-(CH2)r-N(R4)-C(0).(CH2)s-, 
aiyl-(CH2)r-N(R4),(CH2)s-, 
halogen, 
hydroxyl, 
5 Cl-8 alkylcarbonylamino, 

aryl Cl-5 alkoxy, 
Ci-5 alkoxycarbonyl, 
(Cl-8 alkyl)paiiiinocarbonyl, 
Cl-6 alkylcarbonyloxy, 
10 C3-8 cycloalkyl, 

(Cl-6 alkyDpamino, 
amino Cl-6 alkyl, 

arylarainocarbonyl, 

aryl Cl-5 alkylaminocarbonyl, 

15 aminocarbonyl, 

aminocarbonyl Cl-6 alkyl, 

hydroxycarbonyl, 
hydroxycarbonyl Ci-6 alkyl, 

HC=C-(CH2)t-, 
20 Cl-6 alkyl-C=C.(CH2)t-, 

C3-7 cycloalkyl.CsC-(CH2)t-, 

aryl-C=C-(CH2)t-, 

Cl-6 alkylaryl-C=C-(CH2)t-, 

CH2^CH-(CH2)t-, 
25 C1.6 alkyl.CH=CH-(CH2)t-, 

C3.7 cycloalkyl-CH=CH.(CH2)t-, 

aryl-CH=CH.(CH2)t-, 

Cl-6 alkylaryl-CH=CH.(CH2)t-, 

Cl-6 alkyl-S02-(CH2)t-, 
30 . Cl-6 alkylaryl-S02-(CH2)t-, 

Cl-6 alkoxy, 

aryl Cl-e alkoxy, 

aryl C 1-6 alkyl, 

(C1.6 alkyDpamino Cl-6 alkyl, 
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(aryl)paiiiino, 

(aryDpamino Ci-g alkyl, 

(aryl Ci-6 alkyDpamino, 

(aryl Gi-6 alkyDpamino Ci-g alkyl, 

arylcarbonyloxy, 

aryl Ci-e alkylcarbonyloxy, 

(Ci-6 alkyl)paminocarbonyloxy, 

Cl-8 alkylsulfonylamino, 

arylsulfonylamino , 

Ci-8 alkylsulfonylamino Ci-6 alkyl, 

arylsulfonylamino Ci-6 alkyl, 

aryl Ci-6 alkylsulfonylamino, 

aryl C 1-6 "alkylsulfonylamino Ci-g allqrl, 

Ci-8 alkoxycarbonylamino, 

Cl-8 alkoxycarbonylaumno Cl-8 alkyl, 

aryloxycarbonylamino Cl-8 alkyl, 

aryl Ci-8 alkoxycarbonylamino, 

aryl C 1-8 alkoxycarbonylamino Ci-8 alkyl, 

Cl-8 alkylcarbonylamino, 

Cl-8 alkylcarbonylamino Ci-g alkyl, 

arylcarbonylamino Ci-6 alkyl, 

aryl Ci-g alkylcarbonylamino, 

aryl Ci-6 alkylcarbonylamino Ci-6 alkyl, 

aminocarbonylamino Ci-g alkyl, 

(Cl-8 alkyDpaminocarbonylamino, 

(Ci.8 alkyDpaminocarbonylamino Ci-6 alkyl, 

(aryl)paminocarbonylamino Ci-6 alkyl, 

(aryl Cl-8 alkyDpaminocarbonylamino, 

(aryl Ci-8 alkyDpaminocarbonylamino Ci-6 alkyl, 

aminosulfonylamino Ci-g alkyl, 

(Cl-8 alkyDpaminosulfonylamino, 

(Ci.8 alkyl)parninosiilfonylamino Ci-6 alkyl, 

(aryl)paminosvdfonylamino Ci-G alkyl, 

(aryl Cl-8 alkyDpaminosulfonylamino, 
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(aryl Ci-8 alkyl)paimnosiilfonylainino Ci-6 alkyl, 

Ci-6 alkylsxilfonyl, 

Ci-6 alkylsxilfonyl Ci-e sUkyl, 

arylsxilfonyl Ci-6 alkyl, 
5 aryi Ci-6 alkylsulfonyl, 

aryl Ci-6 alkylsulfonyl Ci-6 alkyl, 

Ci-S alkylcarbonyl, 

Ci-6 alkylcarbonyl Ci.g alkyl, 

arylcarbonyl Ci-6 alkyl, 
10 aryl Ci-e alkylcarbonyl, 

aryl Ci-6 alkylcarbonyl Ci-6 alkyl, 

Ci-6 alkylthiocarbonylamino, 

Ci-G alkyithiocarbonylamino Ci-6 alkyl, 

arylthiocarbonylamino Ci-6 alkyl, 
15 aryl Ci-6 alkyithiocarbonylamino, 

aryl Ci-6 alkyithiocarbonylamino Ci-6 alkyl, 

(Ci-8 alkyDpaminocarbonyl Cl-6 alkyl, 

(aryl)paminocarbonyl Ci-6 alkyl, 

(aryl Ci-8 alkyDpaminocarbonyl, and 
20 (aryl Ci-8 alkyDpaminocarbonyl Ci-S alkyl; 

or R5 and R6 are taken together with the carbon atom to which they are 
attached to form a carbonyl group, 

wherein any of the alkyl groups ofRS orR6 are either unsubstituted or 
substituted with one to three Rl substituents, 
25 and provided that each and R^ are selected such that in the resultant 
compoimd the carbon atom to which R^ and R^ are attached is itself 
attached to no more than one heteroatom; 

R7 and R8 are each independently selected from the group consisting of 
30 hydrogen, 
Cl-lO alkyl, 
aryl, 

aryl-(CH2)r-0-(CH2)s-, 
aryl-(CH2)rS(0)p-(CH2)s-, 
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aryHCH2)r-C(OHCH2)s-, 
aryl-(CH2)r-C(0)-N(R4).(CH2)s-, 
aryKCH2)r-N(R4)-C(OHCH2)s-, 
- aryl-(CH2)r-N(R4).(CH2)s-, 
5 halogen, 
hydroxyl, 

Ci-8 alkylcarbonylamino, 

aryl Ci-5 alkoxy, 

C1.5 alkoxycarbonyl, 
10 (Ci-8 alkyl)pamiiiocarbonyl, 

Ci-6 alkylcarbonyloxy, 

C3.8 cycloalkyl, 

(Ci-e alkyDpamino, 

amino Ci-6 alkyl, 
15 arylaminocarbonyl, 

aryl Cl-5 alkylaminocarbonyl, 

amino carb onyl, 
aminocarbonyl Ci-S alkyl, 

hydroxycarbonyl, 
20 hydroxycarbonyl Ci-6 alkyl, 

HC^.(CH2)t-, 

Ci-6 alkyl.C=C.(CH2)t-, 

C3-7 cycloalkyl.C^-(CH2)t-, 

aryl-C=C-(CH2)t-, 

25 C1.6 alkylaryl.C=C-(CH2)t-, 

CH2=CH-(CH2)t-, 
Ci-s alkyl-CH=CH-(CH2)t-, 
C3-7 cycloalkyl-CH=CH-(CH2)t-, 
aryl-CH=CH-(CH2)tr, 

30 C1.6 alkylaryl-CH=CH-(CH2)t-, 

Ci-e alkyl-S02-(CH2)t-, 
Cl-s alkylaryl-S02-(CH2)t-, 
Ci-6 alkoxy, 
aryl Ci-6 alkoxy, 
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aryl Cl-6 alkyl, 

(Ci-6 alkyl)pamino Ci-6 alkyl, 
( aryl )paiiiino , 
(aryDpamino Ci-6 alkyl, 
5 (aryl Ci-G alkyl)p amino, 

(aryl Cl-6 alkyl)pamino Ci-6 alkyl, 

arylcarbonyloxy, 

aryl Ci-6 allsylcarbonyloxy, 

(Cl-6 alkyDpaminocarbonyloxy, 
10 Ci-8 alkylsulfonylamino, 

arylcarbonylaminp , 

arylsulf onylamino , 

Ci-8 alkylsulfonylamino Ci-6 alkyl, 

arylsiilfonylamino Cl-e alkyl, 
15 aryl Cl-6 alkylsxilfonylamino, 

aryl Ci-e alkylsulfonylamino Ci-6 alkyl, 

Ci-8 alkoxycarbonylamino, 

Ci-8 alkoxycarbonylamino Ci-8 alkyl, 

aryloxycarbonylamino Ci-8 alkyl, 
20 aryl Ci-8 alkoxycarbonylamino, 

aryl Ci-8 alkoxycarbonylamino Ci-8 alkyl, 

Ci-8 alkylcarbonylamino Ci-e alkyl, 

arylcarbonylamino Ci-6 alkyl, 

aryl Ci-6 alkylcarbonylaonino, 
25 aryl Cl-6 alkylcarbonylamino Ci.6 alkyl, 

aminocarbonylamino Ci-e alkyl, 

arylaminocarbonylamino, 
(Ci-8 alkyl)paminocarbonylamino, 
(Ci-8 alkyl)parQinocarbonylaimno Ci-e alkyl, 
30 (aryl)paminocarbonylamino Ci-6 alkyl, 

(aryl Ci-S alkyl)paminocarbonylamino, 
(aryl Cl-8 alkyDpaminocarbonylamino Ci-6 alkyl, 
aminosulfonylamino Ci-6 alkyl, 
(Ci-8 alkyl)paminosulfonylamino, 
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(Ci-8 alkyl)p2iiiunostilfonylamino Ci-6 alkyl, 

(aryDpainiiiosulfonylamino Ci-6 alkyl, 

(aryl Ci-8 aUqrDpaminosulfonylainino, 

(aryl Ci-8 alkyl)paimiiosulfonylaimno C 1-6 alkyl, 
5 Cl-e alkylsulfonyl, 

Ci-6 alkylsiilfonyl Ci-G alkyl, 

arylsulfonyl Ci-S alkyl, 

aryl Ci-6 alkylsiilfonyl, 

aryl Ci-6 alkylsxilfonyl Ci-6 alkyl, 
10 Ci-e alkylcarbonyl, 

Ci-6 alkylcarbonyl Ci-6 allqrl, 

arylcarbonyl Cl-S alkyl, 

aryl C 1-6 -alkylcarbonyl, 

aryl Ci-S alkylcarbonyl Ci-e alkyl, 
15 Cl-6 alkylthiocarbonylamino, 

Cl-6 alkylthiocarbonylamino Ci-6 alkyl, 

arylthiocarbonylamino Ci-6 alkyl, 

aryl Ci-6 alkylthiocsu-bonylaxnino, 

aryl Ci-S alkylthiocarbonylamino Ci-e alkyl, 
20 (C 1-8 alkyDpaminocarbonyl C 1-6 alkyl, 

(aryl)paminocarbonyl Ci-6 alkyl, 

(aryl Ci-8 alkyDpaminocarbonyl, 

(aryl Ci.8 alkyDpaminocarbonyl Ci-S alkyl, and 

C7-20 polycyclyl Co-8 alkylsulfonylamino; 
25 wherein any of the alkyl groups of and are either unsubstituted or 
substituted with one to three substituents, 

and provided that each R^and r8 are selected such that in the res\iltant 
compound the carbon atom to which R^ and R^ are attached is itself 
attached to no more than one heteroatom; 

30 

r9 is selected from the group consisting of 
hydrogen, 
Ci-8 alkyl, 

aryl, 
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arylCi-8 alkyl, 

Ci-8 alkylcarbonyloxy Ci-4 alkyl, 
aryl Ci-8 alkylcarbonyloxy Ci-4 alkyl, 
Ci-8 alkylaminocarbonylmethylene, and 
5 Cl-8 dialkylaminocarbonylmethylene; 

RlO, Rll, Rl2 and Rl3 are each independently selected from the group 
consisting of 

hydrogen, 
10 Cl-8 alkyl, 

aryl, 
halogen, 
hydroxyl," 
aminocarbonyl, 
15 C3-8 cycloalkyl, 

amino Ci-6 alkyl, 

( aryl)p aminocarb onyl , 

hydroxycarbonyl, 

(aryl C1.5 alkyl)paminocarbonyl, 
20 hydroxycarbonyl Ci-6 alkyl, 

aryl Ci-G alkyl, 

(Ci-e alkyDpamino Ci-6 alkyl, 

(aryl Ci-6 alkyDpamino C2-6 alkyl, 

Cl-8 alkylsulfonyl, 
25 C1.8 alkoxycarbonyl, 

aryloxycarbonyl, 

aryl Ci-8 alkoxycarbonyl, 

Cl-8 alkylcarbonyl, 

arylcarbonyl, 
30 aryl Ci-G alkylcarbonyl, 

(C1.8 alkyDpaminocarbonyl, 

amino sulf onyl , 

Cl-8 alkylaminosulfonyl, 

(aryl)paminosulfonyl. 
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(aryl Ci-8 alkyDpaminosulfonyl, 
Ci-e alkylsialfonyl, 
arylsulfonyl, 
aryl Ci-S alkylsxilfonyl, 
5 aryl Ci-6 alkylcarbonyl, 

Ci-6 alkylthiocarbonyl, 

arylthiocarbonyl, 

aryl Cl-6 alkylthiocarbonyl, 

aryl-(CH2)r-0-(CH2)s-, 

10 aryl-(CH2)rS(0)p-(CH2)s-, 
aryl-(CH2)r-C(0)-(CH2)s-, 
aryl-(CH2)r-C(0)-N(R4)-(CH2)s-. 
aryl-(CH2-)r-N(R4)-C(0)-(CH2)s-, 
aryl-(CH2)r-N(R4)-(CH2)s-. 

15 HC=C-(CH2)t-, 

Ci-6alkyl-C=C-(CH2)t-, 

C3.7 cydoalkyl-C^-(CH2)t-, 

aryl-C=C-(CH2)t-, 

Ci-6 alkylaryl-CsC-(CH2)t-, 

20 CH2=CH-(CH2)t-, 

Ci-e alkyl-CH=CH-(CH2)t- , 

C3-7 cycloalkyl-CH=CH-(CH2)t-, 

aryl-CH=CH-(CH2)t-, 

Ci-6 alkylaryl-CH=CH-(CH2)t-, 

25 Ci-e alkyl-S02-(CH2)t-, 

Ci-6 alkylaryl-S02-(CH2)t-, 
Ci-S alkylcarbonylamino, 
aryl Cl-5 alkoxy, 
Ci-5 alkoxycarbonyl, 

30 (Cl-8 alkyl)paininocarbonyl, 

Ci-6 alkylcarbonyloxy, 
(Cl-6 alkyDpamino, 
aminocarbonyl Cl-6 alkyl, 
Cl-6 alkosy, 



- 198- 



aryl Ci-6 alkoxy, 

(aryl)paimiio, 

(aryDpamino Ci-6 alkyl, 

(aryl Ci-G alkyl)p amino, 

(aryl Ci-6 alkyDpamino Ci-6 alkyl, 

arylc^bonyloxy, 
aryl Ci-S allrjrlcarbonyloxy, 
(Ci-6 alkyDpaminocarbonyloxy, 
Ci-8 alkylsulfonylamino, 

arylsxilf onylamino , 

Ci-8 alkylsxilfonylamino Ci-6 alkyl, 

arylsulfonylamino Ci-6 alkyl, 

aryl Ci-S^alkylstilfonylainino, 

aryl Ci-6 alkylsulfonylamino Ci-e alkyl, 

Ci-8 alkoxycarbonylamino, 

Ci-8 alkoxycarbonylamino Ci-S alkyl, 

aryloxycarbonylamino Ci-8 alkyl, 

aryl Cl-8 alkoxycarbonylamino, 

aryl Ci-8 alkoxycarbonylamino Ci-8 alkyl, 

Ci-8 alkylcarbonylamino, 

Ci-8 alkylcarbonylamino Ci-6 alkyl, 

arylcarbonylamino Ci-G alkyl, 

aryl Ci-6 alkylcarbonylamino, 

aryl Ci-G alkylcarbonylamino Ci-6 alkyl, 

aminocarbonylamino Ci-6 alkyl, 

(Ci-8 alkyl)paminocarbonylamino, 

(Ci-S alkyl)paminocarbonylamino Ci-6 alkyl, 

(aryl)paminocarbonylamino Ci-6 alkyl, 

(aryl Ci-8 alkyl)paminocarbonylamino, 

(aryl Cl-8 alkyDpaminocarbonylamino Ci-6 alkyl, 

amino sulfonylamino Cl-6 alkyl, 

(Cl-8 alkyDpaminosulfonylamino, 

(Cl-8 alkyl)paminosulfonylamino Ci-S alkyl, 

(aryl)paminosulfonylamino Ci-S alkyl. 
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aryl Ci-6 alkylsulfonyl, 

aiyl Ci-6 alkylsulfonyl Ci-6 alkyl, 

Cl-6 alkylcarbonyl, 

Ci-6 alkylcarbonyl Ci-S alkyl, 
10 arylcarbonyl Cl-S alkyl, 

aiyl Ci-S alkylcarbonyl, 

aryl Q>\S alkylcarbonyl Ci-S alkyl, 

Cl-S alkyltbiocarbonylamino, 

Cl-S alkyltbiocarbonylamino Ci-6 alkyl, 
15 arylthiocarbonylamino Ci-S alkyl, 

aryl Ci-e alkyltbiocarbonylamino, 

aryl Ci-G alkyltbiocarbonylamino Ci-G alkyl, 

(Ci-8 alkyl)paminocarbonyl Ci-B alkyl, 

(aryl)paminocarbonyl Ci-G alkyl, 
20 (aiyl Ci.8 alkyDpaminocarbonyl, and 

(aryl Ci-S alkyDpaminocarbonyl Ci-e alkyl; or 

rIO and R^^ are taken together with the carbon atoms to which 

they are attached to form a 5- to 7-membered monocyclic aromatic 

or nonaromatic ring system having 0, 1, 2, 3, or 4 heteroatoms 
25 selected from the group consisting of N, 0, and S wherein the ring 

nitrogen atoms are unsubstituted or substituted with one 

substituent and the ring carbon atoms are unsubstituted or 

substituted with one or two R^ substituents, 
and wherein any of the alkyl groups of RIO, R^, R^^^ and R13 are either 
30 unsubstituted or substituted with one to three R^ substituents; 

wherein 

each m is independently an integer from 0 to 6; 
each n is independently an integer from 0 to 6 
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each p is independently an integer from 0 to 2; 
each r is independently an integer from 1 to 3; 
each s is independently an integer from 0 to 3; 
each t is independently an integer from 0 to 3; and 
5 each v is independently an integer from 0 to 2; 

and the pharmaceutically acceptable salts thereof. 

2. The compoxmd of Claim 1 having a structural 
10 formula selected from the group consisting of 

r5 



15 



20 



O 

R^^ R^2 
O R® 

O R^ R^ 

N=4 R' 



and 



R 



13 



wherein the dotted line a represents a single or a double bond, provided 
that when a represents a double bond, the double bond carbon atoms are 
substituted only with R^^ and R^^; 



Xis 
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a 6-meiiibered monocyclic aromatic ring system having 1 or 2 
nitrogen atoms wherein each ring carbon atom is imsubstituted 
or substituted with one substituent, or 

5 a 9- to 14-membered polycyclic ring system, wherein one or more 

of the rings is aromatic, and wherein the polycyclic ring system 
has 0, 1, 2, 3 or 4 heteroatoms selected from the group consisting of 
N, O, and S wherein the ring nitrogen atoms are imsubstituted or 
substituted with one Rl s\ibstituent and the ring carbon atoms are 
10 unsubstituted or substituted with one or two R^ substituents. 

3. The compound of Claim 2 having structural formula 




wherein the dotted Une a represents a single or a double bond, provided 
that when a represents a double bond, the double bond carbon atoms are 
20 substituted only with R"*"^ and R^^; and 

X is selected from the group consisting of 
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10 



4. The compound of Claim 3 having structural formula 
R^^ R^2 



5, The compound of Claim 4 wherein X is 

6. The compound of Claim 5 wherein Y is selected from 
the group consisting of 



-(CH2)m-, 

-(CH2)m-0-(CH2)n-, 

-(CH2)m-NR4-(CH2)n-, 

-(CH2)m-S-(CH2)n-, 
15 -(CH2)m-SO-(CH2)n-, 

-(CH2)m-S02-(CH2)n-, 

-(CH2)m-0-(CH2)n-0-(CH2)p-, 

-(CH2)m-0-(CH2)n-NR4-(CH2)p-, 

-(CH2)m-NR4.(CH2)n-NR4.(CH2)p-, and 
20 -(CH2)m-NR4-(CH2)n-0-(CH2)p-, 

wherein any methylene (CH2) carbon atom in Y, other than in R^, can 
he substituted by one or two substituents. 

25 
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7. The compoimd of Claim 6 wherein Y is 
selected from the group consisting of 

(CH2)m, (CH2)m-S-(CH2)n, and (CH2)m-NR4.(CH2)n, 
5 wherein any methylene (CH2) carbon atom in Y, other than in R^, can 

be substituted by one or two substituents, 
m and n are integers from 0-4, 
and V is 0. 

10 8. The compound of Claim 7 wherein Y is 

(CH2)m or (CH2)m-NR4.(CH2)n, 
wherein any methylene (CH2) group in Y, other than in R4, can be 

substituted by one or two R3 substituents. 

15 

9. The compound of Claim 8 wherein each R3 is 
independently selected from the group consisting of 
hydrogen, 
fluoro, 

20 trifluoromethyl, 
aryl, 

Cl-S alkyl, 
arylCl-6 alkyl 
hydroxyl, 
25 0x0, 

arylaminocarb onyl, 

aryl C1.5 alkylsuninocarbonyl, 

aminocarbonyl, and 
aminocarbonyl Cl-6 alkyl; 

30 

and each R4 is independently selected from the group consisting of 
hydrogen, 
aryl, 

C3-8 cycloalkyl, 
35 Ci-8 alkyl, 
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Ci-8 alkylcarbonyl, 
arylcarbonyl, 
Ci-6 alkylsulfonyl, 

arylsulfonyl, 
5 arylC i -salkylsulf onyl , 

arylC i-6alkylcarbonyl, 
C i-salkylaminocarbonyl, 
2^1C i-salkylaroinocarbonyl, 
arylCi-Salkoxycarbonyl, and 
10 Ci-SalkoxycarbonyL 



10. The compound of Claim 9 wherein R^, B7, and are 
each hydrogen aCnd is selected from the group consisting of 

hydrogen, 

15 aryl, 

Ci-8alkyl, 

aryl-C=C-(CH2)t-, 
aryl C 1-6 alkyl, 

CH2=CH.(CH2)t-, and 
20 HC=C-(CH2)t-- 

11. The compound of Claim 10 wherein RlO, Rll, Rl2, 
and Rl3 are each independently selected from the group consisting of 
hydrogen, aryl, Ci-ealkyl, and arylCi-ealkyL 



25 



30 



12. The compo\md of Claim 10 wherein R^ is selected 
from the group consisting of hydrogen, methyl, and ethyl. 

13. The compound of Claim 12 wherein R^ is hydrogen. 

14. The compound of Claim 9 wherein R^, R^, and R^ are 
each hydrogen and R*^ is selected from the group consisting of 

hydrogen, 
aryl. 
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Ci-8 alkylsulfonylamino, 

arylcarbonylamino, 

arylsulfonylamino , 

Ci-8 alkylsulfonylamino Ci-6 alkyl, 

arylsulfonylamino Ci-6 alkyl, 

aryl Ci-e alkylsulfonylamino, 

aiyl Cl-e alkylsulfonylamino Ci-G alkyl, 

Ci-8 alkoxycarbonylamino, 

Cl-8 alkoxycarbonylamino Cl-8 alkyl, 

aryloxycarbonylamino Ci-8 alkyl, 

aryl Cl-8 alkoxycarbonylamino, 

aiyl 01-8 "alkoxycarbonylamino Ci-S alkyl, 

Cl-8 alkylcarbonylamino Ci-e alkyl, 

arylcarbonylamino Cl-6 alkyl, 

aryl Cl-S alkylcarbonylamino, 

aryl Ci-6 alkylcarbonylamino Ci-G alkyl, 

aminocarbonylamino Ci-S alkyl, 

(Cl-8 alkyl)paminocarbonylamino, 

(Ci.8 alkyl)paminocarbonylamino Ci-e alkyl, 

(aryl)paminocarbonylamino Cl-6 alkyl, 

arylaminocarbonylamino, 

(aryl Ci.8 alkyl)paminocarbonylamino, 

(aryl Ci.8 alkyl)paminocarbonylamino Ci-S alkyl, 

aminosulfonylamino Ci-B alkyl, 

(Ci.8 alkyl)paminosulfonylamino, 

(Ci.8 alkyl)paminosulfonylamino Cl-6 alkyl, 

(aryl)paminosulfonylamino Ci.6 alkyl, 

(aryl Cl-8 alkyl)paminosulfonylamino, 

(aryl Ci-8 alkyDpaminosulfonylamino Cl-e alkyl, 

Ci.6 alkylthiocarbonylamino, 

Cl-6 alkylthiocarbonylamino Ci-e alkyl, 

arylthiocarbonylamino Cl-e alkyl, 

aryl Cl-e alkylthiocarbonylamino, and 
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aryl Ci-6 alkylthiocarbonylamino Ci-g alkyl. 

15. The compound of Claim 14 wherein R*^ is selected 
from the group consisting of 

5 hydrogen, 
aryl, 

Ci-8 alkylcarbonylamino, 
aryl Ci-6 alkylcarbonylamino, 

aiylcarbonylamino , 
10 Ci-8 alkylsulfonylamino, 

aryl Ci-G alkylsiilfonylainino, 
arylstilf onylamino , 
Ci-8 alkoxycarbonylamino, 
aryl Ci-g alkoxycarbonylamino, 

15 aryl amino carb o ny 1 ammo , 

(Ci-8 alkyDpaminocarbonylamino, 
(aryl Ci_8 alkyl)paminocarbonylamino, 

(Ci-8 alkyl)paminosulfonylamino, and 

(aryl Cl-8 alkyDpaminosulfonylamino. 

20 

16. The compoimd of Claim 15 wherein RlO, Rll, Rl2, 
and Rl3 are each independently selected from the group consisting of 
hydrogen, aryl, Ci-6alkyl, and arylCi-6 alkyl. 

25 17. The compoimd of Claim 15 wherein R^ is selected 

from the group consisting of hydrogen, methyl, auad ethyl. 

18. The compound of Claim 17 wherein R^ is 

hydrogen. 



30 



19. The compound of Claim 9 selected from the group 
consisting of 
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3(R)-(2,3-Dihydro-benzofuran-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
5 [i,8]naphthyridin-2-yl)-propyl]-iinidazolidin-l-yl}-propiomc acid, 

3K2,3-Dihydro-benzofuraii-6-yi)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphlJiyridin-2-yl)'propyl]-imidazolidiii-l-yl}-propioiiic acid, 

10 3(S)-(3-Fluorophenyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]iiaphthyridin- 
2-yl)-propyl]-iimdazolidin-l-yl}-propionic add, 

3(R)-{3-Fluoropheiiyl)-3-{2-oxo-3-[3-(5,6,7,8-tetraliydro-[l,8]naphthyridin- 

2- yl)-propyl]-iinidazolidiii-l-yl}-propiomc acid, 

15 

3- (3-Fluorophenyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2- 
yl)-propyl]-iimdazolidiii-l-yl}-propiomc acid, 

3(S)-(Quinolin-3-yl>3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]iiaphthyridiii-2- 
20 yl)-propyl]-iimdazolidin-l-yl}-propionic acid, 

3(R>(Quinolin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridiii-2- 
yl)-propyl]-iinidazolidin-l-yl}-propiomc acid, 

25 3-(Qiiinolin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridiii-2-yl)- 
propyU-imidazolidin-l-yD-propionic add, 

3(S>(Ethynyl)-3-{2-oxo-3-[3-(5,6,7,8-tetxahydro-[l,8]iiaphthyridin-2-yi)- 
propyU-imidazolidin-l-yD-propionic add, 

30 

3(R).(Eiiiynyl).3.{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphtiiyridiii-2-yl)- 
propyU-inudazolidin- l-yD-propionic add, 

3-(Ethynyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)- 
35 propyl]-iimdazolidin-l-yl}-propiomc add, 
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3(S)-(P3aiclin-3-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2- 
yl)-propyl]-imidazolidin- 1-yl} -propionic acid, 

5 3(R)-(Pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]iiaphthyridin-2- 
yl)-propyl]-iinid2izolidin-l-yl}-propioiiic acid, 

3-(Pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,83naphthyridiii-2-yl)- 
propyl]-imidazolidin-l-yl}-propiomc acid, 

10 

3(S)-(Pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridiii-2- 
yl)-propyl]-4-methyl-imidazolidin- l-yl}-propiordc acid, 

3(R)-(Pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyTidin-2- 
15 yl)-propyl]-4-iiiethyl-iiiudazolidin-l-yl}-propiomc acid, 

3-(Pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)- 
propyl]-4-methyl-imidazolidin-l-yl}-propiomc acid, 

20 3(S)-(6-Methoxypyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 

[l,8]naphthyridin-2-yl)-propyl]-iinida2olidin-l-yl}-propiordc acid, 

3(R)-(6-Methoxypyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]iiaphthyridin-2-yl)-propyl]-iinidazolidin-l-yl}-propiomc acid, 

25 

3-(6-Methoxypyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-iiiiidazolidiii-l-yl}-propiomc acid, 

3(S)-(6-Ethoxypyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
30 • [l,8]naphth3rridin-2-yl)-propyl]-iimdazolidin-l-yl}-propiomc acid, 

3(R)-(6-Ethoxypyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphtiiyridin-2-yl)-propyl]-imidazolidin-l-yl}-propionic acid. 
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3-(6-Ethoxypyridin-3-yl)-3-{2-oxo-3-[3-(5,6J3-tetrahydro- 
[l,8]naphtJiyridin-2-yl)-propyl]-iimdazolicHn-l-yl}-propiom acid, 
trifluoro acetate salt, 

5 3(S)-(4-Methoxyquinolin-7-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyiidin-2-yl)-propyl]-imidazolidin-l-yl}-propionic acid, 
bis(trifluoroacetate) salt, 

3(R)-(4-Methoxyquinolin-7-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahy 
10 [13]naphthyridin-2-yl)-propyl]-iimdazolidin-l-yl}-propiomc acid, 

3-(4-Methoxyqxunolin-7-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]iiaphthyridin-2-yl)-propyl]-imidazolidLn- l-yll-propionic acid, 

15 3(S)-(6-Ainino-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetraliydro- 

[l,8]naphth5nridin-2-yl)-propyl]-iinidazolidin- l-yl}-propionic acid, 

3(R)-(6-Ainino-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahy^^ 
[l,8]naphthyridin-2-yl)-propyl]-imidazolidin-l-yl}-propionic acid, 

20 

3-(6-Ainixio-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-iinidazolidin-l-yl}-propioiiic acid, 

3-(SH4-Methyl-3-oxo-3,4-dihydro-2H-benzo[l,4]oxazin-7-yl)-3-{2-oxo-^ [3- 
25 (5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)-propyl]-iimdazoUdi^ 
propionic acid, 

3-(R)-(4.Methyl-3-oxo-3,4-dihydro-2H-beiizo[l,4]oxazin-7-yl)-3-{^^ [3- 
(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)-propyl]-iimda2oUdin-l-yl^ 

30 propionic acid, 

3-(4-Methyl-3-oxo-3,4-dihydro-2H-beiizo[l,4]oxazin-7-yl)-3-{2-oxo-3- [3- 
(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)-propyl]-iiindazoUdin-l-yl}^ 
propionic acid, 

35 

- 210- 



wo 99/31099 



PCT/US98/26568 



3(S)-(6-Methylaiiiino-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-iimdazolidin-l-yl}-propiomc acid, 

3(R)-(6-Methylamino-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
5 [l,8]naphthyridin-2-yl)-propyl]-iinidazolidin-l-yl}-propiomc add, 

3-(6-Methylaimiio-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetraliydro- 
[1 ,8]naphth3nidin-2-yl)-propyl]-imidazolidiii- l-yD-propionic add, 

10 3(S)-(2-Fluoro-biphenyl-4-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 

[l,8]napthyridm-2-yl)-pn)pyl]-imidazolidin-l-yl}-propioriic add, 

3(R)-(2-Fluoro-biphenyl-4-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]napthyridin-2-yl)-propyl]-iimdazolidin- l-yl) -propionic add, 

15 

3-(2-Fluoro-biphenyl-4-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]napth3nddiii-2-yl)-propyl]-imidazolidin-l-yl}-propiomc add, 

3(S)-(2-Oxo-2,3-dihydro-beiizoxazol-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
20 [l,8]napthyridin-2-yl)-propyl]-iinidazolidin- l-yl} -propionic add, 

3(R)-(2-Oxo-2,3-dihydro-benzoxazol-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]napthyridin-2-yl)-propyl]-iimdazolidin-l-yl}-propionic add, 

25 3-(2-Oxo-2,3-dihydro-benzoxazol-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]napthyridin-2-yl)-propyl]-imidazolidin-l-yl}-propionic add, 

3(S)-(4-Ethoxy-3-fluorophenyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]napthyridin-2-yl)-propyl]-imidazolidin-l-yl}-propionic acid, 

30 

3(R)-(4.Ethoxy-3-fluorophenyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]napthyridin-2-yl)-propyl]-iinidazolidin-l-yl}-propionic add, 

3-(4-Ethoxy-3-fluorophenyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
35 [l,8]napthyridin-2-yl)-propyl]-iinidazolidin-l-yl}-propiomc add, 
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3(S)-(5-Ethoxy-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]iiaphthyridin-2-yl)-propyl]-iimdazolidin-l-yl)-propiomc acid, 

5 3(R)-(5-Ethoxy-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 

[1 ,8]iiaphthyridin-2-yl)-propyl]-imidazolidin- l-yl}-propionic acid, 

3-(5-Ethoxy-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]iiaphthyridin-2-yl)-propyl]-imidazolidin.-l-yl}-propionic acid, 

10 

3(S)-(5-Hydroxy-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphth3nldin-2-yl)-propyl]-imidazolidin-l-yl}-propiomc acid, 

3(R)-(5-Hydroxy-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
15 [l,8]naphthyridiii-2-yl)-propyl]-iimdazolidin-l-yl}-propionic acid, 

3-(5-Hydroxy-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridua-2-yl)-propyl]-imidazolidiii-l-yl}-propiomc acid, 

20 2(S)-Benzenesiilfonylaimno-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 

[l,8]naphthyridin-2-yl)-propyl]-iinidazolidin-l-yl)-propiomc add, 

3(S>{2-Oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]iiaphthyridin-2-yl)-propyl]- 
iinidazolidin-l-yl}-pent-4-enoic acid, 

25 

3(R)-{2-Oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)-propyl]- 
imidazolidin-l-yl}-peiit-4-enoic add, 

3-{2-Oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)-propyl]- 
30 imidazolidin-l-yl}-pent-4-enoic add, 

3(S)-(5-Ethoxy-pyridin-3-yl)-3-(3-{3-[6-(4-methoxy-beiizylaimno)-pyridiii-2- 
yl]-propyl}-2-oxo-iimdazolidin-l-yl)-propionic add, 
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3(R)-(5-Ethoxy-pyridin-3-yl)-3-(3-{3-[6-(4-methoxy-benzylaimno)-p3rri^ 
yl]-propyl}-2-oxo-iinidazolidiii-l-yl)-propionic acid, 

3-(5-Ethoxy-pyridin-3-yl)-3-(3-{3-[6-(4-methoxy-benzylamino)-pyridin-2-yl]- 
5 propyl}-2-oxo-iimdazolidm-l-yl)-propiomc acid, 

3-{3-[3-(6-Aimno-pyridin-2-yl)-propyl]-2-oxo-imidazolidin-l-yl}-3(S)-(5- 
ethoxy-pjnndin-S-yD-propiomc add, 

10 3-{3-[3-(6-Aiiiino-pyridin-2-yl)-propyl]-2-oxo-imidaizolidin-l-yl)-3(R)-(5- 
ethoxy-pyridiii-3-yl)-propiomc acid, 

3-(3-[3-(6-Aimna-pyridin-2-yl)-propyl]-2-oxo-inndazolidiii-l-yl}-3-(5- 
ethoxy-pyridin-3-yl)-propiomc add, 

15 

3(S)-(2-Oxo-2,3-dihydro-lH-4-oxa-l,5-diaza-iiaphthalen-7-yl)-3-{2-oxo-3-[3- 
(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)propyl]-iimdazolidin-l- 
yDpropionic add, 

20 30El)-(2-Oxo-2,3-dihydro-lH-4-oxa-l,5-diaza-naphthalen-7-yl)-3-{2-oxo-3-[3- 
(5,6,7,8-tetraliydro-[l,8]naphth3nridin-2-yl)propyl]-iinidazolidin-l- 
yDpropionic add, 

3-(2-Oxo-2,3-dihydro-lH-4-oxa-l,5-diaza-naphthalen-7-yl)-3-{2-oxo-3-[3- 
25 (5,6,7,8-tetraliydro-[l,8]naphthyridin-2-yl)propyl]-iimdazolidin-l- 
yUpropionic add, 

3(S)-(2,3-Dihydro-lH-4-oxa-l,5-diaza-naphthalen-7-yl)-3-{2-oxo-3-[3- 
(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)propyl]-iinidazolidin-l- 

30 yDpropionic add, 

3(R)-(2,3-Diliydro-lH-4-oxa-l,5-diaza-naphthalen-7-yl)-3-(2-oxo-3-[3- 
(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)propyl]-iiiudazolidin-l- 

yUpropionic add, 

35 
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3-(2,3-Dihydrc>-m-4-oxa-l,5-diaza-naphthaleii-7-yl)-3-{2-oxo-3-[3-(5,6,7,8- 

teti^ydro-[13]iiaphth3aidin-2-yl)propyl]-iinidazoHdin-l-yl}pro 

acid, 

5 3(S>(3-Oxo-3,4-dihydro-2H-l-oxa-4,5-diaza-naphthalen-7-yl)-3-{2-oxo-3-[3- 
(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)propyl]-iiiiida2oKdin^ 
yl}propionic acid, 

3(R)-(3-Oxo-3,4-dihydro-2H-l-oxa-4,5-diaza-naphthalen-7-yl)-3-{2-oxo-3-[3- 
10 (5,6,7,8-tetrahydro-[l,8]naphth3nddin-2-yl)propyl]-iiiiidazolidin-l- 
yl}propionic acid, 

3-(3-Oxo-3,4-dihydro-2H-l-oxa-4,5-diaza-naphthalen-7-yl)-3-{2-oxo-3-[3- 
(5,6,7,8-tetrahydro-[l,8]naphth3Tidin-2-yl)propyl]-iiriidazoUdin-l- 
15 yDpropionic acid, 

3(S)-(3,4-Dihydro-2H-l-oxa-4,5-dia2a-naphthalen-7-yl)-3-{^ 
(5,6,7,8-tetrahydro-[l,8]naphthyiidin-2-yl)propyl]-iimdazoKdiii-l- 
yDpropionic acid, 

20 

3(R^(3,4-Dihydro-2H-l-oxa-4,5-diaza-naphthalen-7-yl)-3-{2-oxo-3-[3- 
(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)propyl]-imidazolidin-l- 
yDpropionic acid, 

25 3-(3,4-Dihydro-2H-l-oxa-4,5-diaza-naphthalen-7-yl)-3-{2-oxo-3-[3-(5,6,7,8^ 
tetrahydro-[l,8]naphth3nridin-2-yl)propyl]-imidazoUdin-l-yl}propiom 
acid, 

3-(F\iro[2,3-b]pyridiii-6-yl)-3-{2-ox(^3-[3-(5,6,7,8-tetrahydro- 
30 [l,8]naphthyridin-2-yl)propyl]iinidazolidin-l-yl}propioiiic add, 

3(S)-(FTiro[2,3-b]pyridiii-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]imidazolidin-l-yl}propionic acid, 
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3(R)-(F\iro[2,3-b]pyTidin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetraliydro- 
[l,8]naphthyridin-2-yl)propyl3iinidazolidin-l-yl}propionic acid, 

3(S)-(2,3-Dihydrofuro[2,3-b]pyridiii-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
5 [l,8]naphthyridin-2-yl)propyl]itDidazolidin-l-yl}propionic acid, 

3(R)-(2,3-Dihydrofuro[2,3-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphth3nn.din-2-yl)propyl]iimdazolidin-l-yl}propiomc acid, 

10 3-(2,3-Dihydrofuro[2,3-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]iiaphthyridin-2-yl)propyl]imidazolidin-l-yl}propionic acid, 

3(S)-(Furo[3,2-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphth3nidin-2-yl)propyl]iimdazolidin-l-yl}propionic acid, 

15 

3(R)-(Furo[3,2-b3pyTidin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphth3nddiii-2-yl)propyl]iinidazolidin-l-yl}propionic acid, 

3-(Fiiro[3,2-b]pyridiii-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
20 [l,8]naphthyridin-2-yl)propyl]imidazolidin-l-yl}propioiiic acid, 

3(S)-(2,3-Dihydro£uro[3,2-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]imidazolidiii-l-yl}propionic acid, 

25 3(R)-(2,3-Dihydrofuro[3,2-b]pyridin-6-yl)-3-{2-oxo-3:[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]iimdazolidin-l-yl}propionic acid, 

3-(2,3-Dihydro£uro[3,2-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,83naphthyridin-2-yl)propyl]imidazolidin-l-yl}propiomc acid, 

30 

3(S)-(Beixziiiudazol-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]iimdazolidin-l-yl)propionic acid, 

3(R)-(Benziinida2ol-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
35 [l,8]naphthyridiii-2-yl)propyl]ixnidazolidin-l-yl)propionic acid, 
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[l,8]iiaphthyridin-2-yl)propyl]-iimdazolidiii-l-yl)propionic acid, 



3(RHlH-Imida2o[4,5-c]pyridiii-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]-imidazolidin-l-yl)propiomc acid, 

10 

3.(lH-Imidazo[4,5-c]pyridiii-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridiii-2-yl)propyl]-iinidazolidin-l-yl)propiomc acid, 

3(SHBenzoxazol-2-yl>3-(2-oxo.3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin- 
15 2-yl)propyl]iinidazolidi]i-l-yl)propionic add, 

3(RMBenzoxazol-2.yl)-3-(2-oxo-3-[3-(5,6,7,84etrahydro-[l,8]naphthyridin- 

2- yl)propyl]imidazolidin-l-yl)propionic add, 

20 3-(Benzoxazol-2.yl)-3-(2-oxo-3.[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2- 
yl)propyl]imidazolidin-l-yl)propionic add, 

3(S)-(l-Methyl-lH-pyrazol-4-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridiii-2-yl)propyl]-imidazolidin-l-yl)propiomc add, 

25 

3(R)-(l.Methyl-lH-pyrazol-4-yl)-3.(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphtliyridin-2-yl)propyl]-iimdazolidin-l-yl)propioiiic add, 

3- (l-Methyl-lH-pFa2ol-4-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
30 [l,8]naplithyridiii-2-yl)propyl]-imidazolidin-l-yl)propioiiic add, 

and the phannaceutically acceptable salts thereof. 
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20. The compound of Claim 19 selected from the group 
consisting of 

3(S>(2,3-Dihydro-benzofuran-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
5 [l,8]naphthyridin-2-yl)-propyl]-imida2olidin-l-yl}-propiomc acid, 

3(R)-(2,3-Dihydro-benzofQran-6-yl)-3-{2.oxo-3-[3-(5,6,7,8-tetr^y^^ 
[l,8]naphthyridin-2-yl)-propyl]-imidazolidin-l-yl}-propionic acid, 

10 3(S)-(3-Fluorophenyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin- 
2-yl)-propyl]-imidazolidin- l-yl}-propionic acid, 

3(R)-(3-Fluorophenyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin- 
2-yl)-propyl]-imidazolidin-l-yl} -propionic acid, 

15 

3(SHQxiinolin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridm 
yl)-propyl]-imidazolidin-l-yl}-propionic acid, 

3(R)-(Qiunolin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2- 
20 yl)-propyl]-imidazolidin-l-yl} -propionic acid, 

3(S)-(Ethynyl)-3-{2.oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)- 
propyl]-imidazolidin-l-yl}-propiordc acid, 

25 3(R)-(Ethynyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)- 
propyll-imidazolidin-l-yll-propionic acid, 

3(S)-(Pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2- 
yD-propyll-iroidazolidin- l-yl}-propionic acid, 

30 . 

3(R)-(PyrLdin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin.2- 
yl)-propyl]-imidazolidin- 1-yl} -propionic acid, 
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3(R>ljyidin-3-yl)-3-{2-oxo-3-[3-(5,6J,8-tetrahydro-[l,8]naphthyri(^^ 
5 yl)-propyl]-4-methyl-iimdazolidiii-l-yl}-propiomc acid, 

3(S)-(6-Methoxypyridiii-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-. 
[l,8]naphtiiyridin-2-yl)-propyl]-iimdazolidin-l-yl)-propionic acid, 

10 3(R)-(6-Methoxypyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridiii-2-yl)-propyl]-imidazolidin-l-yl}-propionic acid, 

3(S)-(6-Ethoxypyridiii-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-iimdazolidin-l-yl}-propiomc acid, 

15 

3(R)-(6-Ethoxypyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]iiaphthyridin-2-yl)-propyl]-iinidazolidin-l-yl}-propiomc acid, 

3(SM4-Methoxyqmiiolin-7-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
20 [l,8]naphthyridin-2-yl)-propyl]-iimdazolidin-l-yl}-propiomc acid, 
bis(trifluoroacetate) salt, 

3(RM4-Methoxyquinolin-7-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-imidazolidin-l-yl}-propiomc acid, 

25 

3(SH6-Aimno-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-iimdazolidin-l-yl}-propiomc acid, 

3(R)-(6-Aimno-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
30 [l,8]naphthyridin-2-yl)-propyl]-iimdazolidin-l-yl}-propiomc acid, 

3-(S)-(4-Methyl-3-oxo-3,4-dihydro-2H-beiizo[l,4]oxazin-7-yl>3-{2-oxo-3-[3- 
(5,6,7,8-tetrahydro-[l,8]naphthyridiii-2-yl)-propyl]-iimdazoKdin-l-yl}- 

propionic acid, 

35 
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3-(R)-(4-Methyl-3-oxo-3,4-dihydro-2H-benzo[l,4]oxazm-7-yl)-3-{2-oxo-3- [3- 
(5,6J,8-tetTahydro-[l,8]naphthyridin-2-yl)-propyl]-iimdazolidin-l-yl}- 
propionic acid, 

5 3(S)-(6-Methylainino-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-iimdazolidin-l-yl)-propioiiic add, 

3(R)-(6-Methylainino-pyridiii-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-iimdazolidin- l-yD-propionic add, 

10 

3(S)-(2-Fluoro-biphenyl-4-yl)-3-{2-oxo-3-C3-(5,6,7,8-tetrahydro- 
[l,8]iiapthyridm-2-yl)-propyl]-iinidazolidin-l-yl}-propionic add, 

3(R)-(2-Fluoro-biphenyl-4-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrah3rdro- 
15 [l,8]napthyridin-2-yl)-propyl]-iiiiida2olidin-l-yl}-propionic add, 

3(S)-(2-Oxo-2,3-dihydro-benzoxazol-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]napthyridin-2-yl)-propyl]-imidazolidiii-l-yl}-propionic add, 

20 3(R)-(2-Oxo-2,3-dihydro-benzoxazol-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]napth3rridin-2-yl)-propyl]-iniidazolidin- 1-yl} -propionic add, 

3(S)-(4-Ethoxy-3-fluorophenyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]napthyridin-2-yl)-propyl]-iiiudazolidin-l-yl}-propioiiic add, 

25 

3(R)-(4-Ethoxy-3-fluorophenyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- . 
[ l,8]napthyridin-2-yl)-propyl]-imidazolidin- l-yl}-propionic add, 

3(S)-(5-Ethoxy-pyiidin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
30 [l,8]iiaphthyridin-2-yl)-propyl]-imidazolidin-l-yl}-propionic add, 

3(R)-(5-Ethoxy-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridiii-2-yl)-propyl]-imidazolidin-l-yl}-propioiiic add. 
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[l,8]naphthyridin-2-yl)-propyl]-iinidazoli(iiii-l-yl}-propionic acid, 

3(R)-(5-Hydroxy-pyridm-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
5 [l,8]naphthyridiii-2-yl)-propyl]-iimdazolidm-l-yl}-propiomc add, 

3(S>{2-Oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)-propyl]- 
imidazolidin-l-yl}-peiit-4-enoic acid, 

10 3(R)-{2-Oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)-propyl]- 
iinidazolidin-l-yl}-peiit-4-enoic acid, 

3(S)-(5-Etiioxy-pyridin-3-yl)-3-(3-{3-[6-(4-methoxy-beiizylaimno)-pyridin-2- 
yl]-propyl}-2-oxo-iinidazolidin- l-yD-propionic add, 

15 

3(R>(5-Ethoxy-pyridin-3-yl)-3-(3-{3-[6-(4-methoxy-benzylamiiio)-pyridiii-2- 
yl]-propyl}-2-oxo-iimdazolidin-l-yl)-propionic add, 

3-{3-[3-(6-Aimno-pyridiii-2-yl)-propyl]-2-oxo-iimdazolidin-l-yl}-3(S)-(5- 
20 ethoxy-pyridin-3-yl)-propionic add, 

3-{3-[3-(6-Aimiio-pyridin-2-yl)-propyl]-2-oxo-iimdazolidin-l-yl}-3(R)-(5- 
ethoxy-pyridin-3-yl)-propiomc add, 

25 3(S)-(2-Oxo-2,3-dihydro-lH-4-oxa-l,5-diaza-naphthalen-7-yl)-3-{2-oxo-3-[3- 
(5,6,7,8-tetrahydro-[l,8]iiaphthyridin-2-yl)propyl]-iimdazolidin-l- 
yDpropionic add, 

3(R)-(2-Oxo-2,3-dihydro-lH-4-oxa-l,5-diaza-naphthalen-7-yl)-3-{2-oxo-3-[3- 
30 (5,6,7,8-tetrahydro-[l,8]naplithyridin-2-yl)propyl]-imidazolidin-l- 
yUpropionic add, 

3(S)-(2,3-Dihydro-lH-4-oxa-l,5-diaza-naphthaleii-7-yl)-3-{2-oxo-3-[3- 
(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)propyl]-imidazolidin-l- 
35 yDpropionic add, 

-220- 



wo 99/31099 



PCTAJS98/26568 



3CR)-(2,3-Dihydro-lH-4r-oxa-l,5-diaza-naphthaleii-7-yl)-3-{2-oxo-3-[3- 
(5,6,73-tetrahydro-[l,8]naphthyridin-2-yl)propyl]-imidazolidin-l- 

yDpropionic acid, 

5 

3(S)-(3-Oxo-3,4-dihydro-2H-l-oxa-4,5-diaza-naphthalen-7-yl)-3-{2-oxo-3-[3- 
(5,6,7,8-tetrahydro-[l,8]iiaphthyridin-2-yl)propyl]-iirudazolidin-l- 
yUpropionic acid, 

10 3(R)-(3-Oxo-3,4-dihydro-2H-l-oxa-4,5-diaza-iiaphthalen-7-yl)-3-{2-oxo-3-[3- 
(5,6,7,8-tetrahydro-[l,8]iiaplithyridin-2-yl)propyl]-imida2olidin-l- 
yl}propionic acid, 

3(S)-(3,4-Dihydro-2H-l-oxa-4,5-diaza-naphthalen-7-yl)-3-{2-oxo-3-[3- 
15 (5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)propyl]-iinidazolidin-l- 
yUpropionic acid, 

3CR)-(3,4-Dihydro-2H-l-oxa-4,5-diaza-naphthalen-7-yl)-3-{2-oxo-3-[3- 
(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)propyl]-iinidazolidin-l- 

20 yDpropionic acid, 

3(S)-{Furo[2,3-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetraliydro- 
[l,8]naphthyridin-2-yl)propyl]iinidazolidin-l-yl}propiomc acid, 

25 3(R)-(Ftaro[2,3-b]pyridin-6-yi)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]iinidazolidin-l-yl}propionic acid, 

3(S)-(2,3-Dihydro£uro[2,3-b]pyridan-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]inudazolidin-l-yl}propioiiic acid, 

30 

3(R)-(2,3-Dihydrofuro[2,3-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]imidazolidin-l-yl}propionic acid, 

3(S)-(F\iro[3,2-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
35 [l,8]naphthyridin-2-yl)propyl]iimdazolidin-l-yl}propionic acid, 
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3(S)-(2,3.Dihy(kofuro[3,2-b]pyridm.6-yl)-3-{2-oxo-3-[3-(5,6J,^ 
[l,8]naphthyridin.2-yl)propyl]imidazoUdm-l-yl}propiomcacid, 

3(R)-(2,3-Dihydrofuro[3,2-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-te 
[l,8]naphthyri(Hn-2-yl)propyl]imidazoUdin-l-yl}propiom^ 

3(S)-(Benziimdazol-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin.2-yl)propyl]imidazoHdin-l-yl)propiomcaQid, 

3(R)-(Beiizimidazol-2-yl>3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]iimdazoUdm-l-yl)propionic acid, 

3(S)-(lH-Iimdazo[4>c]pyridm-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[13]naphthyridin-2-yl)propyl]4imdazoKdin-l-yl)propiomca 

20 3(R)-(lH-Iimdazo[4,5-c]pyridm.2-yl^3-(2-oxo-3-[3-(5,6J,8-tetrahy^^ 
[l,8]naphthyridin-2-yl)propyl]-iimdazoHdin-l-yl)propionicacid, 

3(S)-(Beiizoxazol-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphth^ 
2-yl)propyl]iniidazolidin-l-yl)propiomc add, 

25 

3(RHBenzoxazol-2-yl)-3-<2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]iiaphthyn 
2-yl)propyl]imidazolidiii-l-yl)propiomc add, 

3(S)-(l-Methyl-lH-pyrazol-4-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
30 [l,8]naphthyridin-2-yl)propyl]-iinidazoHdin-l-yl)propiomc add, 

3(RHl-Me11iyl-m-pyrazol.4-yl>3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]-iimdazoHdin-l-yl)propionicadd, 



35 and the phannaceutically acceptable salts thereof. 
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21. The compound of Claim 20 selected from the group 
consisting of 

5 3(S)-(2,3-Dihydro-benzofuran-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-iniidazolidin-l-yl}-propionic add, 

3(S)-(Qtnnolin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphth3n:idi^ 
yl)-propyl]-imidazolidin-l-yl}-propiomc acid, 

3(SHPyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2- 
yl)-propyl]-imidazolidin-l-yl}-propionic acid, 

3(S)-(6-Methoxypyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
15 [l,8]naphth3Tridin-2-yl)-propyl]-imidazolidin-l-yl}-propiomc acid, 

3(S)-(6-Ethoxypyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-imidazolidin-l-yl}-propiomc acid, 

20 3(S)-(4-Methoxyquinolin-7-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 

[l,8]naphth3rridin-2-yl)-propyl]-imidazolidin-l-yl}-propionic acid, 
bis(trifluoroacetate) salt, 

3(S)-(6-Methylaimno-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
25 [l,8]naphth3nridin-2-yl)-propyl]-inudazolidin- l-yl}-propiomc acid, 

3(S).(4-Ethoxy-3-fluorophenyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]napthyridin-2-yl)-propyl]-imidazolidin-l-yl}-propiomc acid, 

30 3(S)-(Fiaro[2,3-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]imidazolidin-l-yl}propionic acid, 

3(SHFuro[3,2-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[1 ,8]naphthyridin-2-yl)propyl]imidazolidin-l-yl)propionic acid, 

35 
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3(S)-(Benziimdazol-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetraliydro- 
[l,8]naphthyridia-2-yl)propyl]imidazoUciin-l-yl)propiomc add, 

3(SMBenzoxazol-2-yl>3-(2-oxo-3-[3-(5,6J,8-tetrahydro-[13]naphthyridm 
5 2-yl)propyl]iinidazolidiii-l-yl)propiomc add, 

and the pharmaceutically acceptable salts thereof. 

22. A pharmaceutical composition comprising a 

10 compound according to Claim 1 and a pharmaceutically acceptable 
carrier. 

23. - A pharmaceutical composition made by combining a 
compoimd according to Claim 1 and a pharmaceutically acceptable 

15 carrier. 

24. A process for making a pharmaceutical composition 
comprising combining a compound according to Claim 1 and a 
pharmaceutically acceptable carrier. 

20 

25. The composition of Claim 22 which further comprises 
an active ingredient selected from the group consisting of 

a) an organic bisphosphonate or a pharmaceutically 
acceptable salt or ester thereof, 
25 b) an estrogen receptor modulator, 

c) a cytotoxic/antiproliferative agent, 

d) a matrix metalloproteinase inhibitor, 

e) an inhibitor of epidermal-derived, fibroblast-derived, or 
platelet-derived growth factors, 

30 f) an inhibitor of VEGF, 

g) an inhibitor of Flk-l/KDR, Flt-1, Tck/Tie-2, or Tie-l, 

h) a cathepsin K inhibitor, and 

i) a prenylation inhibitor, such as a farnesyl transferase 
inhibitor or a geranylgeranyl transferase inhibitor or a dual 

35 famesyl/geranylgeranyl transferase inhibitor; 
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and mixtures thereof. 

26- The composition of Claim 25 wherein said active 
ingredient is selected from the group consisting of 

a) an organic bisphosphonate or a pharmaceutically 
acceptable salt or ester thereof, 

b) an estrogen receptor modulator, and 

c) a cathepsin K inhibitor; 
and mixtures thereof. 

27. The composition of Claim 26 wherein said organic 
bisphosphonate or pharmaceutically acceptable salt or ester thereof is 
alendronate monosodium trihydrate. 

15 28. The composition of Claim 25 wherein said active 

ingredient is selected from the group consisting of 

a) a cytotoxic/antiproliferative agent, 

b) a matrix metalloproteinase inhibitor, 

c) an inhibitor of epidermal-derived, fibroblast-derived, or 
20 platelet-derived growth factors, 

d) an inhibitor of VEGF, and 

e) an inhibitor of Flk-l/KDR, Flt-l, Tck/Tie-2, or Tie-1; 
and mixtures thereof. 

25 29. A method of eliciting an integrin receptor 

antagonizing effect in a mammal in need thereof, comprising 
administering to the mammal a therapeutically effective amount of a 
compoxmd according to Claim 1, 

30 30. The method of Claim 29 wherein the integrin receptor 

antagonizing effect is an avps antagonizing effect. 

31. The method of Claim 30 wherein the ocvps 
antagonizing effect is selected from the group consisting of inhibition of 
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degeneration, inflanunation, viral disease, and tumor growth. 

32. The method of Claim 31 wherein the ocvp3 
5 antagonizing effect is the inhibition of bone resorption. 

33. The method of Claim 29 wherein the integrin receptor 
antagonizing effect is an avp5 antagonizing effect. 

10 34. The method of Claim 33 wherein the ov^S 

antagonizing effect is selected from the group consisting of inhibition of 
restenosis, angiogenesis, diabetic retinopathy, macular degeneration, 
inflammation, and tumor growth. 

15 35. The method of Claim 29 wherein the integrin receptor 

antagonizing effect is a dual avp3/avP5 antagonizing effect. 

36. The method of Claim 35 wherein the dual avP3/avp5 
antagonizing effect is selected from the group consisting of inhibition of 

20 bone resorption, restenosis, angiogenesis, diabetic retinopathy, macular 
degeneration, inflammation, viral disease, and tumor growth. 

37. The method of Claim 29 wherein the integrin 
antagonizing effect is an ccvpS antagonizing effect. 

25 

38. The method of Claim 37 wherein the avP6 
antagonizing effect is selected from the group consisting of 
angiogenesis, inflammatory response, and wound healing. 

30 39. A method of eHdting an integrin receptor 

antagonizing effect in a mammal in need thereof, comprising 
administering to the mammal a therapeutically effective amount of the 
composition of Claim 22. 
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40- A method of treating or preventing a condition 
mediated by antagonism of an integrin receptor in a mammal in need 
thereof, comprising administering to the mammal a therapeutically 
effective amotmt of the composition of Claim 22. 

5 

41. A method of inhibiting bone resorption in a mammal 
in need thereof, comprising administering to the mammal a 
therapeutically effective amotmt of the composition of Claim 22. 

10 42. A method of inhibiting bone resorption in a m amm al 

in need thereof, comprising administering to the m amm al a 
therapeutically effective amoimt of the composition of Claim 26. 

43. A method of treating tumor growth in a mammal in 
15 need thereof, comprising administering to the mammal a 

therapeutically effective amoxmt of the composition of Claim 28. 

44. A method of treating tumor growth in a mammal in 
need thereof, comprising administering to the mammal a 

20 therapeutically effective amount of a compound according to Claim 1 in 
combination with radiation therapy. 
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